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THE 
ASSOCIATION 
AT ABER 
DEEN 
ALTOG ETHER, 

the Association 

seems to have 
scored a decided 
guceess in the 

Granite City, al- 
though both the 
business of the 

mornings and the 
leasure excur- 

sions of the after- 
foons were to 

gome extent im- 

Jed by the in- 
ordinate number 
of papers—four 
hundred in all— 
which were read. 
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Nota few of these 
mapers, it is al 
oaed: contained 
information of a 
perfectly familiar 
character, and 
their reading 
therefore was 
pure waste of 
time, and weari 
ness to the audi 
It is recom 
mended that for 
the future the As 
sociation should 
follow the exam 
ple of the Lron 
and Steel Insti 
tute in its summer 
meetings, and 
have only a few 
papers of first-rate 
quality in each 
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MR. FRANCIS GALTON, 
President of the Anthropological Section. 


THE BRITISH ‘ASSOCIATION AT ABERDEEN.—PORTRAITS OF PRESIDENTS OF SECTIONS. 





LAUNCH 


fre: 


=, ri 


A 


OF THE GERMAN 








FRIGATE CHARLOTTE, 





8184 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 513. 


OctosER 31, 1885, 





section in the morning, devoting the afternoons to 
excursions. 

Instead of giving a formal biography of each of the 
gentlemen who presided over the various sections at 
the meeting of the Association, it will be preferable to 
indieate the share which they respectively took in the 
various addresses. 

Professors Chrystal and Armstrong, who respective- 
ly presided over the mathematical and chemical sec- 
tions, lamented, like Sir Lyon Playfair, the insignifi- | 
cant place which science still holds in education. ‘* And | 
no one,” said Mr. Armstrong, ean be an efficient} 
teacher of science unless he has been himself trained in 
the practice of research.” Professor Chrystal lamented 
the appalling dryness of the old-fashioned method of 
teaching mathematics, and also deplored the centraliz- 
ation of scientific activity in London, and the seant en 
couragement given to local science. 

Professor Judd’s address to the geological section 
was an able and judicial review of all that had been 
done for the geology of the Highlands by the great 
workers of the past. 

Professor McIntosh, who presided over biology, dis- 
cussed the causes of the phosphorescence of the sea, 
and showed, as the result of his own personal observa- 
tion, that this beautiful phenomenon is due to a mul 
titude of minute organisms belonging to the most di 
verse orders. 

Under the presidency of General J. T. Walker, late 
chief of the Indian Trigonometrical Survey, the geo- 
graphical section was largely Indian in character, as 
his own address gave an interesting history of that 
great undertaking, other aspects of which were treat 
ed in a variety of papers by other members of the 
Survey 

Professor Benjamin Baker, the chief of the mechani- 
eal section, brought a severe indictment against our 
railway bridges and their builders. These works, un 
scientifically constructed in many cases at the outset, | 
are necessarily growing weaker daily, and, unless care 
be taken to repair and strengthen them, a terrible dis- | 
aster may some day occur. 

Of all the presidential addresses, perhaps the most 
popular was that of Professor Francis Galton, who was 
chief of the departinent of anthropology. The address 
in question referred to the transmission of hereditary | 
qualities, and was based on data collected from a 
variety of sources 

Men of learning can play the fool very heartily when 
they please, and at the Association meetings the 
severity of the intellectual strain is mitigated by the 
existence of an institution called the ‘“*Red Lion | 
Clubbe.” The membersdined together at the Imperial 
Hotel on September 15th, and were so pleased with 
the treatment accorded by the landlord that he was 
admitted unanimously to the sacred circle Like 
Freemasonry, the Club has its mysteries. It will suffice 
to mention here that the members profess to be lions 
and jackals, and to feed on British asses. Their motto 
is ‘‘ De mortuis sui nisi bonum,” which may be freely 
translated, ‘‘ Unless I am a good fellow, | shall in-} 
fallibly be eaten up.” The rule is very strict that ap- | 
plause at the meeting must be signified by roaring and 
by wagging the coattails in leonine fashion. Our 
portraits are from photographs; we are indebted for the 
pictures and particulars to the London Graphic. In 
our SUPPLEMENT, No. 511, we gave a‘portraitof Sir Lyon 
Playfair, the President. 
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LAUNCH OF THE GERMAN FRIGATE 
CHARLOTTE, AT WILHELMSHAFEN. 


Ow Sept. 5, a cruising frigate was launched at the 
dockyards at Wilhelmshafen, and named Charlotte in 
honor of the eldest daughter of the Crown Prince of 
Germany, Princess Charlotte of Meiningen. 

The Charlotte the eighth vessel built in the 
imperial shipyards at Wilhelmshafen. The great 
yards at Wilhelmshafen and Kiel were not provided 
for building new vessels only, but mainly for the pur- 
pose of keeping all the vessels of the navy in good con- 
dition, and up to the standard requirements of a 
first class man-of-war. As the number of vessels in the 
German navy is very great—as we will see later on— 
and most of the vessels are in commission, the greater 
number of the men at the shipyards are employed in 
repairing, overhauling, and fitting out the old vessels, 
and but very little time can be spared for the new ships. 
It frequentiy happens that all work must be suspend- 
ed for weeks on some of the vessels on the stocks. — 
5,000 to 6,000 men are employed at Wilhelmshafen in 
the various branches of engineering, ship building, ete. 

The German navy has made wonderful strides during 
the last few years. In 1848 the entire Prussian navy 
consisted of the sailing corvette Amazene and two 
diminutive gunboats. It now consists of 13 armored 
vessels of the first class, 13 armored gunboats for de- 
fending the coast, 1 monitor, 9 cruising frigates, 11 
cruising corvettes, 5 cruisers, 4 gunboats, 8 dispatch 
boats, 9 school and training ships, 1 surveying 
vessel, 2 transport steamers, and 11 steamers for service 
in the ports. The torpedo department is organized 
perfectly, and in a short time there will be 150 torpedo 
boats ready for service.—Jllustrirte Zeitung. 
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NOVEL FIRE EXTINGUISHER. 

THIS new chemical extinguisher has been termed the 
‘‘ perpetual,” from the fact that it, unlike other chemi- 
eal extinguishers which contain their water supply in 
one vessel, the whole of which has to be conveyed to 
the scene of the fire, is connected with a moderate 
length of hose to the nearest common water tap, 
whence is derived the water which, in passing through 
the extinguisher, sets up the chemical action in a dry 
mixture of acid and alkali, and disengages large 
volumes of carbon dioxide gas, which, as is now so gen- 
erally recognized, plays so important a part in quench- 
ing a tire in its early stage, just when, in fact, a few gal- 
lons of water, properly applied, are so effectual, and 
are rendered doubly so by the eargo of incombustible 
and non-fire-sustaining gas. The vessel which contains 
the chemicals is not heavy or cumbersome, but holdsa 
charge of mixed chemicals sufficient to charge the wa- 
ter passing through it for from ten to fifteen minutes 
with the gas evolved, after which the supply of water 
still flows on; and should any fire survive after the first 
onslaught of the gaseous mixture, it may generally be 
finished and finally extinguished by the jet of simple | 
water, which can be kept playing,as long as needful. 





The end of the hose which is attached to the water tap 
is fitted with a patent nozzle or coupling, which con- 
tains a suitably formed piece of India rubber, so as to 
be applicable to any size of water tap. t 

A tap is supplied close to thesmall cylinder or chemi- 


| eal case, so that the water though turned on at the 


supply need not be allowed to pass through the chemi- 
an until the user has got as close to the fire as advis- 
able, when the water is turned in and the chemicalized 
jet at once issues. 

From our sectional drawing it will be seen that the 
chemicals closely surround a perforated tube centrally 
disposed within the case, the perforations allowing free 
contact of the water with the chemicals as well as free 
passage for the gas generated to the water jet. The 
total weight of the apparatus is only about ten 
pounds or twelve pounds. 

In addition to the fire extinguishing properties of the 
gas evolved by the chemical action of the mixture, it is 
claimed that the salt formed is such that reignition of 
anything touched by it is impossible, a special mixture 
being employed to secure this end. 

Where a force of water sufficient fora jet is not ob- 
tainable from a water main or some other source of 
pressure supply, these “ extincteurs ” are supplied with 
a water vessel and pump, the vessel holding a quanti- 
ty of water sufficient for the usual few 
time during which, if a fire is not extinguished, it 


usually obtains such a hold that hand appliances are | 


of no further avail. 

In estimating the efficiency of a hand fire extinguish- 
er, portability and ease of immediate application are 
chiefly to be considered; for it is in the early attention 
given to an incipient fire that safety lies, and it may 
often be the case that though a hand appliance is not of 
itself sufficient to quite stop a fire, yet it may be suffi 
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the top of which carries the girders. . The cylinders of 
about two-thirds of the piers—Nos. 5 to 53—are con, 
structed with a wrought iron caisson lined with briek. 
work and filled with concrete up to low water level: 
above this isa brick shaft also filled with concrete’ 
Those for the remaining third—Nos. 54 to 77—are of 
cast iron lined for their whole height with brickwork 
and filled with concrete. The bases of the cylinders are 
| of various diameters—10 ft. for the piers of the smallest 
spans to 23 ft. for those of the largest; and, except in the 
few cases where rock is met with, the cylinders are be. 
ing sunk to depths varying from 20 ft. to 30 ft. below 
the bed of the river, so as to be out of reach of the 
scouring action of the tide. 

Before building the upper part of the cylinder, founda. 
tions are tested with a weight 33 per cent. greater than 
the maximum load which can come upon them. At 114 
ft. above high water there is a strong connecting piece 
between the pair of cylinders constructed with cast iron 

irders, wrought iron ties, brickwork, and concrete: jtg 

1eight is 8 ft., and width nearly equal to that of the 
cylinders. On the top of each cylinder and above the 
connecting piece rises an octagonal shaft of wrought 
iron, the base of which is formed of a gridiron frame. 
work of channel irons attached to the cylinders by long 
wrought iron bolts. These shafts are joined together 
near the top of the pier by a semicircular arch forming 
|at the top one structure sufficiently wide to carry the 
girders. The whole of this structure is constructed of 
wrought iron plates, riveted together with channel, 
T, and angle irons. The dimensions of the girders 
for the seventy-four spans are very various, and are 
as follows: Eleven spans with 245 ft. girders, two 
spans with 227 ft. girders, one span with 162 ft. girders, 
| thirteen spans with 145 ft. girders, twenty-one spans 
| with 129 tt. girders, one span with 113 ft. girders, 


| 








THE “PERPETUAL” FIRE EXTINGUISHER. 


cient to have kept it within moderate bounds until the 
arrival of more powerful machines. 

The makers of the new extinguisher are Henry Wall- 
work & Co., Manchester.—Hng. Mech. World. 


NEW TAY VIADUCT. 
By CRAWFORD BARLOW, M.I.C.E.* 


CONSIDERABLE interest is attached to this undertak- 
ing, because of the comparatively few viaducts of such 
length crossing tidal water in such an exposed position, 
and also because of the fact that it isto replace the 
Tay bridge, which was rendered useless by the memor- 


able disaster of December, 1879. The Tay viaduct is 
being constructed at the side of and 60 ft. distant from 
the bridge, the standing portions of which are used for 
the conveyance of men and materials, and in other- 
wise assisting the construction ofthe new work. The 
total length is 3,600 yards, 7. e., a little over two miles. 
The number of spans is eighty-five, of dimensions vary- 
ing from 50 ft. to 230 ft., and the height of the rails 
above high water, whére greatest—at the southern end 
—is 83 ft. At the four navigable spans near the middle 
of the river the height is 79 ft., which gives a clear head- 
way for shipping of 77ft. From this point to the 
Dundee or north end there is a falling gradient of 1 
in 114, which reduces the rail level at the Dundee 
end to about 25 ft. above high water. 


For the pean of description the work may be} 


divided into three parts: (1) the yy ty Wormit, 
at the southern end of the viaduct; (2) the esplanade 
spans, at the Dundee or northern end; and (3) the 


viaduct proper, é. e., that part which extends over the | 


tidal water. 


1. The arching at Wormit consists of four arches of | 


50 ft. span, with their abutments and piers—Nos. 1 to 
4—the whole being built of brick. In plan the width 


of the arching is equal to that of the viaduct at the| 
northern end, but widens out at the southern end to} 


accommodate the junction of the Newport branch with 
the Edinburgh main line. 

2. The esplanade spans at the Dundee or north end 
of the viaduct are seven in number, between piers Nos. 
78 and 85, and derive their name from the fact that 
they cross the existing and proposed extension of the 
Dundee esplanade. Two of 
piers 78 and 80—consist of brickwork piers and wrought 
iron skew arches, built to suit the direction of the pro- 
posed esplanade; next to these are four spans o 


wrought iron girders supported on cast iron columns, | 


standing on granite and brickwork bases. The last 


span is over the existing espalanade, and consists of a | 


pair of hog-backed girders of 100 ft. span resting on 
two brick piers. 


3. The viaduct proper has seventy-four spans of 


various dimensions, consisting of wrought iron girders | 
resting on piers, Nos. 4 to 78. The piers are constructed | 


with a pair of cylinders connected at a short distance 
above high water, and on which is a wrought iron 
structure of heights varying from 10 ft. to about 70 ft., 
The 


* From a paper read before the British Association, Aberdeen. 
Engineer. 


these spans—between | 


| twenty-four spans with 71 ft. girders, and one span with 
56 ft. girders. The thirteen large spans, with 245 ft. and 
227 ft. girders—between piers 28 and 41—are near the 
middle, and over the navigable channel of the river. 
At each of these spans there are a pair of hog-backed 
girders, the rails being laid between and at the bottom 
of them. The rest of the spans—twenty-four on the 
|south side and thirty-seven on the north side—are con- 
| structed with four rectangular girders—the two outer 
ones being the girders of the old bridge. At these 
spans the rails are laid on top of the girders. The floor-, 
ing or deck plating is corrugated in form, and is con- 
structed, at the large spans, of channel irons and plates 
riveted together, so as to form alternate troughs and 
ridges; and at the smaller spans, of steel plates hy- 
draulically pressed into a corrugated shape. 

On each side of the viaduct for its whole length isa 
wrought iron latticework parapet or wind screen 5 ft. 
high above the rails. 

The Act of Parliament for the undertaking was ob- 
tained in 1881, but the contract for the works was not 
settled unti) April, 1882, owing to a question raised 

| with the Board of Trade concerning the ruins and 
debris of the old bridge. The present state of the works 
is as follows: The arching at Wormit and _ the 
esplanade spans are completed to the level of the rail- 
way, and the greater part of the parapets of the Espla- 
nade spans is erected. At the viaduct proper the 
|eylinders for fifty-eight out of the total of seventy- 
three piers have been sunk. The method adopted by 
Messrs. Arrol, the contractors for the works, for sink- 
ing them is specially ingenious. It consists of a rect- 
|angular pontoon, having at each of its corners vertical 
wrought iron tubular . which can be raised or 
lowered hydraulically. When these are lowered to the 
bed of the river the pontoon can be raised out of the 
water, and thus form a stage for the machinery, 
materials, and men required in sinking and filling the 
cylinders. _In the pontoons are two openings, within 
which the cylinders are pitched and adjusted in posi- 
tion. The excavation is effected by means of steam 
diggers, and as the digging proceeds the cylinders fol- 
low down until the required depth is reached. When 
the sinking and filling are completed, the supporting 
tubes or legs are raised from the bottom, and the pon- 
toon floated into position for another pier. It may be 
mentioned that in raising or lowering these legs great 
use is made of the tide. Four of these pontoons have 
been used forsinking the cylinders. The wrought iron 
structures or shafts of four piers on the south side an 
of twenty-four piers on the north side have beet 
erected. The girders for one span on the south side 
and nine spans on the north side are erected in post 
tion on the piers, and nearly all the girders except 
| those for the large spans are built and ready for erec 
tion. The girders and flooring for each of the thirteen 
large spans are being built entire on a staging erect 
for this purpose at the south end of the viaduct, a2 
‘arrangements are being made by which the girders 
and flooring for each span complete will be floated ous 
| to position in the viaduct, and placed on the cylinders; 
they willthen be raised hydraulically to their propet 
height, the wrought iron shafts of the piers 
| built up at the same time. 
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The general progress of the whole viaduct may be 
briefly stated to be as follows :—Nearly seven eighths 
of the foundations of the eighty-six piers are put in; 
almost one-half of the piers are built up to the level of 
the girders, ete., and out of the total length of 3,600 
yards, 540 yards—/, e., rather more than one-eighth 
is complete and ready for the railway. All the wrought 
iron and steel for the work is carefully tested, the tests | 
being that the wrought iron must be capable of bear- | 
ing a tensile strain of 22 tons per square inch, with an 
extension of 6°25 per cent, in a length of 8 in.; and the 
steel 27 tons per square-inch, with an extension of 15 
per cent. The whole of the irdn and steel work is 
shaped and drilled at Messrs. Wm. Arrol & Co.'s 
works at Glasgow, preparatory to erection either on 
the shores or in position in the viaduct. In executing 
these works a great amount of plant is required, and a 
number of ingenious machine and clever contrivances 
have been devised and brought into operation by the 
contractors for the better performance of the work and 
saving of labor. 


THE LARTIGUE RAILWAY. 


ALTHOUGH there are several agricultural and industrial 
applications of the Lartigue electric railway in exist 
ence, many persons may still be ignorant of its prin 
cipal arrangements. It is therefore well to briefly re 
eall them. Unlike ordinary railways, which are laid 
upon the surface, the Lartigue is established at a cer 
tain height above it, and the center of gravity of the 
rolling stock is beneath the level of the wheels 

The track, properly so called, consists of a single 
flat steel rail supported here and there by metallic 
trestles that have a sufficiently wide base to secure sta 
bility to the system. The spacing of these supports 
depends upon the height of the rail and its resistance 
to flexion; a distance of 344 to 4°94 feet may be regarded | 
as the most proper. 

The cars sit astride of the rail, and the curved pieces 
that unite the two halves pass over and rest upon the 
rail through the intermedium of rollers, which are 
either isolated or grouped in pairs upon bolster pins. 
In order to prevent the tilting of the cars when the two 
sides are not equally loaded, on lines designed for pas- 
senger traffic, horizontal wheels are fitted to the lower 
part, and these roll over the bands of T-iron that unite 
the trestles a little above the ground 

This mode of constructing a railway is very eco 
nomical, seeing that no leveling of the ground is ne 
cessary as in ordinary railways, it being only neces-ary 








Fie. 6.—AMBULANCE CAR USED IN RUSSIA. 





here to vary the height of the trestles. Moreover, the 
chance of accidents is greatly diminished, sinee the 
ears can in no case jump the track. Besides, the ease 
with which the height of the trestles can be varied per 
mits of constantly isolating the rail and keeping it al- 
ways clean and in a good state, even in sandy or 
swampy land and in countries subject to snows. This 
is one of the most important advantages of the system. 
Any system of traction may be employed. In the spe 
cimen on exhibition at the Palace of Industry, traction 
is effected by means of a Siemens dynamo machine 
placed at one side of the front car. The engineman, 
who stands on the other side, balances the machine, 
although counterpoises are added if necessary. The} 
rapid motion of the machine is transmitted by endless 
cords that pass over channeled pulleys and are pro- 
vided with tighteners. | 

The diameter of the driving wheels is regulated in 
accordance With the speed to be obtained. 

At the Exhibition the limit is six miles per hour, but 
in actual service twelve or more miles might be reach 
ed. The machine is reversed or stopped by means of 
commutators placed within reach of the engineman, | 
and the power of the current is varied at will by means 
of resistance coils. ‘The experiments performed by the 
inventor permit him to fix the coefficient of adherence 
at 4. A locomotive weighing 2,200 pounds, then, exerts | 
a tractive stress of 440 pounds Enauine the weight 
of the locomotive and the coefficient of adherence, we 
can easily determine the power to give to a machine in 
order to haul a train of a given weight. Evidently, 
the tractive stress is so much the less in proportion as 
the diameter of the wheels is greater: and, as there is 
nothing to limit the diameter, it may be asked why 
the inventor has decided upon one of about fourteen 
inches. It seems as if he might have exceeded this. 

As regards the rails, these are connected by fish- | 
plates. Their flexibility permits of laying the curved 
parts of the track without previous bending, and of 
forming switches at any point of the line without the 
addition of special pieces—a feature which is especially 
advantageous in agricultural applications. 

When electric traction isemployed, the upper rail and 
lower stringpieces are used as current conductors. <A 
spring roller or a flexible brush permits of establishing 
the necessary contact. The section of the conductors 
is wide enough to prevent losses, and it would be pos 
sible in practice to space the generators of ener 


80, and even 60, miles apart. 
As each motor operates upon a circuit derived from 
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Fias. 2, 3, 4, AND 5.—ELEVATION AND SECTIONS OF A PASSENGER CAR. 






the principal current, it would be possible to run an|road to be the same, we obtain a three or four fold 
unlimited number of trains in each section. | greater effective result than with small, cheap, double- 
With animal traction, supposing the profile of the’ rail tracks laid upon the ground.—Le Genie Civil. 










Fie. 7.—DETAILS OF FREIGHT CARS. 
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Fie. 8.—MODE OF LAYING THE RAILS, 
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a NEW FORM OF CUPOLA FURNACE.* 
By JAMES RILEY. 


THE cupola furnace which I have to submit to the 
members of the Institute is the outcome of an earnest 
desire to shorten the duration of the ——— neces- 
sary inmaking open hearth steel. T hese operations 
may be divided as follows, taking for illustration a 
charge of soft steel of 12 tons (say nine tons pig iron 
with three tons steel scrap, and working with ore): 
Charging, one hour; melting, three to four hours; 
boiling and finishing, six hours; repairing furnace, about 
half an hour. 

Looking at these operations with a view to reduction 
of cost, one forrrred asks, Can you not shorten the 
time occupied in charging, and reduce its cost in labor 
by substituting machinery for manual labor? I know 
that others besides myself have given a good deal of 
thought to this matter, but probably with the same 
result—that no contrivance yet hit upon for charging 
solid materials is cheaper than manual labor. But if 
our considerations turn in the direction of charging 
fluid metal, it will be at once apparent that this can be 
done in a very small fractionof the time now taken 
up, and with the very important advantage that we 
avoid the cooling down of the furnace due to the long 
operation and to the furnace doors being open the 
while. By these means we would havea gain of nearly 
10 per cent. of time—equal to one charge more per 
week—as well as a considerable saving in fuel and re- 
pairs. Arrived at this point, it seems natural that we 
should look for an additional and a much greater sav- 
ing than that just mentioned; for surely by charging 
fluid metal we must save the three or four hours usually 
oceupied in melting ? Under this conviction, or with 
a view of determining whether this assumption were 
correct, Mr. Hackney many yearsago tried at Landor 
the experiment of premelting the pig iron in cupola, 
whence the fluid charge was readily and quickly trans- 
ferred to the melting furnaces. He has somewhere 
published the result, which was an almost inappreciable 
reduction of the time usually taken up in working the 
solid charge. At the instance, and to satisfy the Di- 
rectors of the Steel Company of Scotland, immediately 
after | came to Glasgow I had two melting furnaces 
worked fora week with fluid charges obtained by pre- 
melting the pig iron in the foundry cupola. In esti- 


through the nozzles inserted in the sides of the furnace 
hearth, as shown. 

The cupola is of ordinary foundry type, of nearly 
equal dimensions from the bottom to the charging 
hole, which is at about the usual height from the 
hearth. It is in two parts, the lower being removable, 
and the upper supported on pillars as shown. The 
hearth has a slight downward inclination to allow of 
the molten metal flowing readily into the furnace body. 
The hearth of the cupola is arranged so that it can be 
easily removed for repair, and another substituted, 
when necessary. 

This hearth-piece and the furnace-body may be lined 
with either basic or acid material, as nay be most suit- 
able to the pig iron, etc., being melted and treated; for, 
besides melting, we are of opinion that with a basic 
lining and necessary mixtures and arrangements, we 
shall be able to remove the phosphorus in the hearth of 
the furnace. If we can accomplish this, then we shall 
be able to melt common iron in the basic-lined cupola, 
remove the phosphorus, and afterward finish the charge 
in the acid-lined open-hearth furnaces. With the per- 
mission of my directors, Mr. Dick, manager of the 
Blochairn Works, made a tentative experiment with a 
kind of improvised furnace and gas-generator, very simi- 
lar to 1, conjoined to a small foundry cupola. The 
furnace having been heated, pig iron was charged into 


charged into the generator during the about nine 
shifts’ work only averaged 1°44 ewt, to the ton of 
metal charged into the cupola, thus surpassing the 
most economical cupola working which has come 
under our notice. On the results we obtained, we 
think we are justified In believing that, beside its 
adaptability to the end I had in view in commencing 
these trials, this furnace is also extremely well fitted for 
extensive iron-foundry practice, where continuous 
melting is required, and also, and more especially, to 
Bessemer steel works, where fluid metal is not avail- 
able ; and in this connection I may state that, as the 
flame can be made to a large extent oxidizing or re- 
| ducing at will, the composition of the metal need not 
| be changed during melting, the silicon, ete., necessary 
in the ssemer operation remaining therefore un- 
touched. 





RAILWAY FUEL ECONOMY. 
By FRANK C. SMITH. 





| ONE of the largest fields for the reduction of expenses 
| on a road is in the coal consumed by the engines. This 
|}item alone is from 11 to 15 per cent. of the total ex- 
| penses of a road, dependent on the accessibility of coal 

mines and the care and manner with which coal is 
;used. It is the pract.ce of too many roads to allow all 


the cupola through the ordinary charging hole—about | record pertaining to the coal account to disappear 
12 ft. about the hearth—tumbling it in upon the hearth, | after it is purchased and delivered to the locomotive 
and filling up to near the charging level. The blast was | department, where too often engineers take much or 
then turned on from the Roots’ blower, ordinarily used | little, use it carefully or wastefully, as they see fit. It 
for blowing the cupola, and after about two hours’ blow-| has been well said that a road might as well furnish 
ing we had the satisfaction of seeing the metal begin to| each engineer with money to buy his coal with, and 
melt and run down into the hearth, whence it was short-| keep no individual acount of the money, but make one 
ly afterward tapped into the ordinary foundry ladle | grand charge of it to “‘ coal account,” as to follow the 
and run into castings. The experiment was continued | practice so many of them do. 


long enough toindicate a few weak points in our appar- | 
atus, and also to remove some lingering doubts of the | 
emp | of success. One or two short trials having 
een made, I was anxious to make a more lengthened 
one—long enough, in fact, to furnish reliable data for | 
action upon a large seale. Accordingly we heated up 
the furnace on Monday, put on blast on Tuesday morn- 
ing, and worked almost without intermission night and | 
day until the following Saturday. After some days’ | 
work in melting pig iron, finding that everything was 
satisfactory, and that we had a very high temperature | 








mating the result, we concluded that there was a doubt- 
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A NEW FORM OF CUPOLA FURNACE. 


ful gain of a quarter of an hour per charge, obtained | 
at the expense of the coke and labor expended at the 
cupola. The explanation of the discrepancy between 
the expected and the actual result is known to many, 
but may, nevertheless, be briefly stated.~ During the 
melting of a charge in an open hearth furnace a large 
proportion ot the silicon and carbon are removed, leav- 
ing little more than half the carbon to eliminate in the 
subsequent operations. 

Now, in the case of the fluid charge, which has been | 
premelted with coke in the cupola, these changes have | 
not taken place, and the time required to remove the 
impurities from the fluid metal, after being charged in 
the open hearth furnace, is almost as long as that re-| 
quired to melt and purify the solid charge. 

Long ago it occurred to me that if I could substitute | 
gaseous for solid fuel in melting in the cupola, I might | 
beable to alter the conditions and accomplish the 
much desiredend. About 18 months ago I determined to 
try if this could not be done, and accordingly got out 
designs for a cupola, which, however, seemed unsatis- 
factory in one or two parts. 

Some time later I discussed the matter with my | 
friend, Mr. Crossley, with the result that we modified 
the designs to pretty much what I now submit to you. 
The diagrams before you show two types of the cupola 
furnace, similar in principle, although differing in 
form. In the Fig., the fireplace or gas generator and 
the furnace body are of a rectangular form in plan. 
In the other form the furnace is circular in plan, with 
a gas generator, also of circular horizontal section. | 

In both cases the gas generator has a closed grate, 


| brick, could not successfully resist the high tempera- | 


in the furnace, I determined to try to melt the steel | 
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scrap which would ordinarily be charged into the steel 
furnace. Commencing with the addition of 10 per cent. 
of scrap, the proportions of pig and scrap were very 
gradually changed, until, at the termination of our 
experiment, we were melting charges in which the pro- 
portions were six of steel scrap to one of pig iron. 

Our operations were stopped by the failure of the 
furnace lining, which, being only ord’ _rily good fire- 


ture to which it was exposed. 

At the earlier stages of the experiment, when melt- 
ing pig iron alone, as much as possible was made into 
castings, which were very satisfactory, being tough 
and clean. Analysis showed that we had removed one | 


| per cent. of the silicon, and one-half per cent. of the | 


carbon. Subsequently, by admitting more air into} 
the furnace, and when melting steel scrap, the silicon 

was reduced to 0°296, and the carbon to 1°0 per cent ; so | 
that we may conclude that, when the fluid metal can be 

charged into the open hearth furnace, the time requir- 
ed for its conversion into mild steel will be very greatly 

shortened. As these trials were made at a considerable 

distance from the steel melting furnaces, and we were | 
unable to transfer the metal fromthe cupola to the; 
latter, I am not ina position to support this opinion | 
by facts, but we are so satisfied on the point that we| 
are now erecting a large cupola furnace near to the | 
steel melting furnace, and I hope very shortly to have | 
it in full operation. In thesmall experimental trials | 


| we melted at the rate of close on two tons per hour ; in | 


the large one we expect to put through double this | 
quantity, or sufficient to supply four twelve ton melt- | 


and is dependent upon forced blast—obtained from an / ing furnaces as at present charged; but as we expect to | 


ordinary blower—for supporting combustion in the 
production of gas from the coal, which is charged in at 
the top in the customary manner. 

In like manner the air for supporting combustion in | 
the body of the furnace is obtained from the blower, | 
and in the case of No. 1 is passed through the pipes or | 
nozzles placed transversely across the body of the fur- | 
nace, almost directly over the bridge which divides the 
generator and furnace. These pipes are inclined so as 
to direct the flame down upon the bath of metal held 
in the hearth of the furnace. In this design the air | 
for combustion is heated in the passages in the back | 
wall of the generator, through which it is sent ,to the 
nozzles above referred to. In No. 2 the air for com- 
bustion passes twice round the hearth of the generator, 
in the pipes shown in the figure, thence to the crown 
of the furnace body, whence—being thoroughly heated 
—it emerges by the air port directly over the gas port 
eading into the furnace and to the cupola ; and in 
addition we can, if desired, turn this heated blast 


* Paper read before the Iron and Steel Institute, 











save about half the time of the operations in the lat- | 
ter, and that two furnaces will thus require the same | 
weight of charge as is now taken by four, our cupola is 

placed midway between two of them, and at such an 

elevation that when it is tapped the metal shall flow 

directly into either of the melting furnaces. 

The cupola is being erected to the circular designs. 
The pig and scrap will be placed direct from the} 
wagons on to the charging-carriage at the foot of the| 
incline, up which it will be raised and tipped into the | 
charging-hole. The charging apparatus is one which | 
was designed by Messrs. Westray and Copeland, of | 
Barrow, and has been in use at their works for several 
years. We are erecting a gas-generator in connection | 
with the cupola for two reasons: first, because we have 
no surplus supply of gas availabie at the works; and 
next, because Fan not sure that we should obtain as | 


satisfactory results when using cold gas from our mains | 
as when it is passed hot from the generator direct into 
the furnace. 

On the important point of consumption of fuel in 
melting, we were abundantly satisfied, for the coal 





A great many roads store their coal on docks, fitted 
with cranes for lifting half ton buckets for delivery to 
engines, the engineers giving a check for the amount of 
eoal received; and so far as this is concerned, no fauls 
can be found. But the fault commences in keeping 
account of the coal, and in the abuses of the premium 
system. When roads pay the engineers a premium— 
generally half the value of the coal he saves over a 
given limit per car mile— it is too frequently the case 
that engineers bribe the dockmen with a quarter of a 
dollar to put an extra ton on their tendors, which, as 
an investment, is profitable to the engineer, since if 
coal be worth, say, two dollars per ton, the engineer 
rets credit for saving a ton, which means one dollar 
fess what he giv:s as a bribe to the dockmen, and this 
is clear gain to the engineer. Such ‘‘ rings” as this are 
much more common than is believed, inasmuch as the 
dockmen are the cheapest class of laborers, whose only 
duty is to shovel coal and receive the checks for it, and 
asmall bribe makes a very effective lever with them. 
As the coal account is never balanced, that is, the 
amount of coal lefton the dock weighed at stated times 
and added tothe amount charged out to the engines, 
to ascertain if it tallies with the amount dumped on 
the dock from the cars, no trace of the extra tons sur- 
reptitiously given out is to be found, 

induation, unintentionally, is done the engineers, 
where their record for premiums or good standing is 
based on the number of cars hauled a given distance 
fora given amount of coal, from the fact that few roads 
have a correct rating for the real amount of coal con- 
sumed in hauling mixed trains of light and loaded cars, 
That is, one road may guess that two light cars are 
equal to one loaded car; another, that five light cars 
equal three loaded cars ; another, that seven light cars 
equal three or four loaded cars. As this is all guess- 
work, the engineer who happens to haul trains in 
which the error, whichever way it may be, of this 
guess predominates, suffers. However, it is said that 
this is as fair for one engineer as another, and possibly 
it is, but it isevident that the injustice still remains. 

In this connection may be mentioned the fact that 
few or no roads separate the coal consumed into engine 
and car miles. That is, the engine itself requires a cer- 
tain amount of coal to propel it, and unless this amount 
is known and separated from the car miles, it all goes 
in to swell the amount consumed per car mile. Now it 
is clear that as this amount remains constant, the 
amount per car will be greater as the number of cars 
are less, and less as the number of cars are increased, so 
that when business is good on the road, the engineer 
apparently is burning less coal per car mile, and when 
business is light, the showing is against him. 

To get at anything like a fair and equitable arrange- 
ment as well as a profitable one for the road, the coal 
business should commence from the bottom. A road 
in buying coal should test it practically by taking a 
train with engine, loading the tender with a known 
amount of a certain kind of coal, running the train 
under conditions of speed, stop, etc., which are record- 
ed, and ascertain how far or how much coal is consum- 
ed per car mile; then with the same train and engine 
under the same conditions test another kind of coal, 
and in this way ascertain which is the cheapest coal to 
use. 

The coal business, down to the time it is delivered to 
the engines, might well be placed in the hands ofa coal 
agent, who is independent of the locomotive depart- 
ment, in order that the results may be disinterested, as 
many master mechanics have a prejudice for oragainst 
engines of their own or other builds, and such prejudices 

are apt to shade the results of their performance. By 
this means the relative value of different types of 
engines may be determined, and the bad record of a 
‘“pet” engine or class of engines brought to the sur- 
face. 

Some system which keeps a constant pressure on each 
engineer to do better should be adopted. The premium 
system acts upon an engineer's avarice, and appears to 
give the best results ; another system—that of ** black- 
listing ” or posting up in the round house the names of 
engineers who burn over a given limit of coal—is sup- 
posed to act on the engineer's pride; while the system 
of suspending an engineer who exceeds the limit for 
two or more consecutive months acts on ‘this fear and 
indirectly his avarice, as it stops his pay for the time 
being. 

In order to get a proper rating, the fuel consumed to 
run the engine alone should be ascertained, and then 
the amount to haul a loaded and a light car. This can 
be easily ascertained, and by so doing the exact amour.t 
per car, whether loaded or light, and independent of 
the amount to propel the engine can be charged against 
the engine. This should be ascertained for winter and 
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summer, as it is plain that the amount will increase in | 
winter, when the losses from radiation of heat, slipping | 
of engine, and greater friction of car-journals from | 
stiffened oil will require more power and consequently 
more fuel. 

It will be charged by practical men that such a sys- 
tem would involve a great deal of clerical labor, which 
is not true, as the practical man for want of experience 
in the keeping of accounts is afraid of them, and exag 
gerates the matter. Any road with officials at the head 
of its locomotive department who understand the im- | 
portance of the saving which can be effected by a pro- 
per course in the matter can, by changing their pre- | 
sent plan to one based on this system, effect the result | 
with no inerease of clerical work ; for the plan is not | 
more complicated than many unsatisfactory ones in | 
use, and it does not involve complication or increase of | 
labor, but simply a correct systemization of accounts, | 
and it would therefore in many cases decrease the cleri- | 
eal labor, and,in no case augment it. The saving which | 
may be expected to result will vary from 10 to 15 per | 
cent. As anexample of this, the writer may cite a case | 
in his personal knowledge in which seven passenger | 
engines of the same build, size, and condition are pull- | 
ing indiscriminately—that is, ‘first in first out "—the 
through passenger trains of a certain road. Two of 
these engines average five tons of coal for a round trip, | 
while the other five use from that amount up to nine 
tons. The difference is not in the engines but in the 
men, for either of the two men using five tons has | 
done the same with each of the other five engines, and 
the two engineers using but five tons admit they could 
save from one-half to three-quarters of a ton if they 
tried hard to do so. ‘This road has no system at all for 
reducing the coal consumption, and the want of it is 
seen from this statement. As the road referred to isa | 
large road of several divisions, these results may be | 
taken as a sample of what the rest of the engines are | 
doing. The road has some three hundred engineers, | 
and taking the performance of these seven engines as a 
standard, it will be seen that they average about three 
tons of coal each unnecessarily burned per day, fora 
service of three hundred days per year. The result is 
astonishing, since the coal is worth $2 per ton on 
the tender, and the product of the whole gives $540,000 
as the value of the coal wnnecessarily burned. But | 
even if this estimate be five times too large, the waste 
still amounts to over $100,000 per year ; asum any road 
might well save. It is, perhaps, unnecessary to add 
that the road referred tois in the hands of a receiver.— | 
American Railroad Journal. 


[Continued from SurpLeMENT, No. 512, page 8173 | 
THE PRESERVATION OF TIMBER. 


REPORT OF THE COMMITTEE OF THE AMERICAN So- 
CIETY OF CIVIL ENGINEERS ON THE PRESERVA 
TION OF TIMBER, PRESENTED AND ACCEPTED AT 
THE ANNUAL CONVENTION, JUNE 25, 1885. 

BURNETTIZING. 

THE original mode of application employed in bur- 
nettizing was by steeping the timber in a solution of 
chloride of zine, in the proportion of one pound to 
every four gallons of water. This was found exceed- 
ingly tedious, and somewhat ineffective, and Sir Joseph 
Burnett subsequently adopted Bethell’s process (as ap- 
plied to creosote, of placing the timber in a closed iron 
cylinder, forming a partial vacuum, to extract the sap, 
air, and water as jfar as practicable, and then forcing 
in the preserving liquid under pressure. The process 
has since been improved by using steam in the prepara- 
tory stage in the cylinder, in order the better to open 
the pores of the wood to receive the antiseptic, as well 
as by several devices which will hereafter be described, 
to prevent the chloride of zine, which isa very deliques- 
cent salt, from washing out when exposed to moisture. 

It is probable that some of the failures which will be 
described are attributable to the early imperfections in 
Bethell’s mode of application. 

On this page is a table of the experiments of which 
the committee has been able to obtain record. 

COMMENTS ON BURNETTIZING. 

Burnettizing seems to have been first introduced in 
this country at Lowell, Mass., in 1850, as stated in the 
letter of Mr. Francis (Appendix No. 2). It was there 
worked by the Bethell process till about 1862, when 
it was abandoned to return to kyanizing, the latter 
being thought more effective for bridge and building 
tim ber. 

In 1855 the Union (horse) Railroad of Cambridge, 
Mass., was laid with spruce stringers and sleepers, bur- 
nettized at Bangor, Me. The stringers are now (1883) 
all worn out, but Mr. K. C. Chaffee, the president, | 
writes that ‘‘many, and I think the majority, of the 
sleepers are in good condition to-day,” that is to say, 
after twenty-eight years’ exposure 

The experiment seems to have been given up because 
subsequent lots prepared by contract turned out badly. 
Mr. Chaffee writes : 

‘**I beeame satisfied that it could not be got well 
done (by the contractors). It is of no benefit unless 
done while the timber is perfectly green, and then 
well done.” 

Indeed, it may be said once for all that success in 
timber preservation, by whatever method, depends 
upon the thoroughness with which the work is done, 
and that no economy is so false as that which seeks to 
svrimp the legitimate cost. 

In 1856 (experiment No. 3) the Vermont Central Rail- | 
road erected burnettizing works, and prepared large 
quantities of timber and ties. Some of the latter were 
found to be nearly sound in 1880, as stated in the letter 
of Mr. J. W. Hobart, General Superintendent, given 
herewith in Appendix No. 4. 

The process seems to have been given up after four | 
years’ use, in consequence of the delays and annoy 
ances involved in treating such large quantities of tim- 
ber as are used on a railroad, only to find out after a 
lapse of twenty-five years what a great success it had 
been. 

Experiments Nos. 4, 5, and 6 show that some spruce | 
plank and track stringers, burnettized in 1857, and iaid 
on a wharf in Boston, and on some horse railroad, were 
yet sound when examined in 1872, or some fifteen years 
afterward. We have not been able to trace their sub 
sequent history. 


* From the ‘l'ransactions of the Society 
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RECORD OF SOME AMERICAN EXPERIMENTS. 


BURNETTIZING, 


Impregnating with Chloride of Zine under Pressure. 





LOCALITY. Year Process 


1850 
1855 


1 Lowell Canal Company 

2 Cambridge Railroad 

3 Vermont Central Railroad 

4 Boston Wharf e oe ? 
5 

, 


Bethell 


5 Middlesex Railroad..... ence woe ’ er abl 
South Boston Railroad..... > 
7 Boston and Albany Railroad 
Chicago, Rock Island, and Pacific R.R. 
Erie Railway....... ‘ 
Ohio and Mississippi Railroad 
Philadelphia, Wilmington, and 
ware Railroad rr 
Chicago, Rock Island, and Pacific R.R. 
Havre de Grace ‘ oe ; 
Philadelphia and Reading Railroad 
» Lehigh and Susquehanna Railroad, 
16 Union Pacific Railroad 
17 Long Island Railroad 
18 Philadelphia 
19 Washington 
20 rr 
21 
2 


2B 


Y 
10 


11 Dela- 


1s 
If 
1 Ties 


St. Louis Bridge Wellhouse Gum 

St. Louis, [ron Mountain and Southern 
Railroad. ... : ‘ ..|Ties. 

Illinois and St. Louis Railroad Sinan ” ion 

Atchison, Topeka, and Santa Fe R.R on 

St. Louis ° 

Norfolk, Va 

Chicago and Alton Railroad 

Erie Railway 

St. Louis 


oe ol 
rs = .. |Gum 
1880 Thilmany 

7 sec aaeeneene 
182 | “t: 
1883 Zine ‘| 


In 1860 (experiment No, 8) the Chicago, Rock Island, | 
and Pacifie Railroad built a Howe truss bridge of 8 
spans of 150 feet each, which was still in use and in 
fair condition in 1882, as stated in the letter of Mr. 
Hugh Riddle, its president, published in our Prelimin- 
ary Report. 

In 1860 some burnettized spruce ties were placed in 
the floor of an iron bridge built by the Boston and 
Albany Railroad, in the city of Boston. They lasted 
nine years, and were replaced by untreated white pine, 
which only lasted five or six years, when chestnut ties, 
unprepared, were substituted, which have lasted seven | 
years, and were replaced last season by a second set of | 
chestnut ties, also unprepared. 

A full aecount of this experiment (No. 7) will be} 
found in the letter of Mr. E. 8. Philbrick, published 
herewith as Appendix No. 5, 

It will be noticed therefrom that the burnettizing 
doubled the life of the spruce, which would ee 
have lasted but four or five years, and that the ties 
finally failed by checking and splitting, so as no longer | 
to hold the spikes. Exposure as bridge ties seems par- 


| ticularly liable to bring about this result, and Mr. | 


Philbrick’s experience leads him to believe that bur- 
nettizing is of more avail where timber is covered with 
earth than when fully exposed to sun and air. This 
opinion is confirmed by the statement of Mr. Hobart 
(Appendix No. 4), who found burnettized ties nearly 
sound after having laid some twenty-five years in an 
old side track, nearly covered with earth and grass, and 
this probably results from the less opportunity for the 
washing out of the chloride of zine from the timber by 
the action of rains. 

In 1861 (experiment No. 9) the Erie Railway built 
set of burnettizing works at its bridge shop at Owego, 
New York. These works chiefly consisted of an iron 
cylinder 70 feet long and 6 feet in diameter, with a 
heavy iron door at each end, and a track running 
through it, on which the material was run in on small 
trucks, moved by a hand-power windlass, The capaci- 
ty was 13,000 feet, b. m., and the Bethell process was 
used. 

When the cylinder was filled and the rubber-packed 
doors closed, a powerful air-pump was applied, and as 
perfect a vacuum formed as possible, and maintained 
one hour, to withdraw the sap and air from the tim- 
ber. A stop-cock was then opened in the pipe con- 
necting the cylinder with the tank containing diluted 
chloride of zine, and the liquor admitted. When the 
cylinder was filled, the stop-cock was closed, and a 
powerful force-pump set at work, which forced the 
solution into the cylinder under a pressure of 120 to 150 
pounds per squareinch. This pressure was inaintained 
about four hours, and left sometimes in over night, 
when the timber was taken out. 

The strength of the solution was about two or three 
per cent., and with labor at $1.50 per day, the cost of 
the treatment is said to have been from $1.50 to $2.50 
per 1,000 feet, b. m. 

The treatment was applied almost entirely to bridge 
timber and plank for platforms, crossings, ete. Very 
few cross-ties were prepared, and only as an experi- 
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Material Treated, | Subsequent 


.-| Various. 

° Spruce ties 

= _ Hemlock ties....... 
. Spruce plank....... 


. "Timber 
ao | = 


Es 600 cscs 
Cottonwood 
. | Stringers 


Spruce.... 


..|Pine stringers 
| 


Pine piles.......... 





ment. 

The results were not entirely satisfactory, and when 
the works burned down in 1869, they were not rebuilt. 
Two-inch plank seemed to be well preserved, but large 
timber, taken out of bridges eight or nine years after 





treatment, showed a hard crust from one-quarter to 
one inch thick all round, but was rotten at the center, 
thus tending to deceive the bridge inspectors as to the 
soundness of bridges which might really be insecure. | 

Some pains have been taken to ascertain the causes | 
of this want of success. They seem to have been as | 
follows : 

1. Original imperfections in the ‘* Bethell” process. 
The partial vacuum did not properly clear the timber | 
of sap. This has since been improved upon by pre- 
viously steaming the timber, to liquefy and saneten! 
the sap before the vacuum is applied. 

2. It was probably a mistake to select bridge timber | 
for this experiment; imperfectly as the work was done, | 
it would have proved a far greater success if it had | 
been applied to cross-ties. 

3. Operating upon unseasoned timber. As practiced 
in Europe, burnettizing is exclusively applied to} 
seasoned timber. This being generally imperted from 
a distance, has a chance to dry in transit; or, if cut in 
the vicinity of the works, it is piled up for several | 
months before treatment, or is thoroughly steamed, 80 | 
that the water may evaporate and make room for the | 
solution. Moreover, it is also well dried before using, | 
to prevent the zine from washing out. As a confirma- | 
tion of this view, it may be mentioned that while the | 
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bridge timber did not last well, several sets of switch 
ties, which had been cut about eight months, and sea- 
soned, were burnettized at Owego, for the road depart- 
ment of the Erie Railway, and laid in its tracks, with 
the result that nine years afterward they did not show 
a particle of decay. These ties have been lost sight of 
since, but your committee has in its possession an oak 
tie, one of a lot of two car loads, seasoned and burnett- 
ized at Owego, which lay in the track at Susquehanna 
station for seventeen years, and is almost perfectly 


| sound to-day. 


4. Insufficient pressure. It has been suggested that the 
pressure ought to have been some two hundred pounds 
per square inch, and continued eight hours instead of 
four. This might have produced somewhat better re- 
sults, but it is believed that the last cause, which re- 
mains to be mentioned, more fully accounts for the 
partial want of success. 

5. Undue haste in the treatment. In accordance 
with the usual railroad practice of never ordering ma- 
terials until they are imperatively required, the tim- 
ber was not procured until the bridge which it was in- 
tended to rebuild was about ready to come down. 
Then there was great haste ; the burnettizing works 
were hurried up, and the timber went straight from 
the stump into the cylinder, and from that into the 
bridge, with very imperfect treatment. The pressure 
was applied to the operatives instead of to the cylin- 
der, and as a result the timber was ‘‘ put through” 
without sufficient preparation, some of it hard frozen in 
winter. 

Mr. Jas. D. Bishop, formerly Superintendent of 
Bridges of the Erie Railway, who had charge of these 
burnettizing works, writes: ‘‘ All the timber used in 


| renewals of bridges, and exposed parts of buildings, 


platforms, ete., upon the road, which was a very large 
amount, was hurried through this process, and for the 
want of time was done quite imperfectly. I consider 
the process of burnettizing timber a success in pre- 
serving the same to at least 50 per cent. beyond its 
natural life, if the burnettizing is well 'done.” 

Mr. H. D. V. Pratt, formerly General Superintendent 
of the Erie Railway, writes : 

‘*The timber used in bridges that was burnettized 
in the winter was full of frost, and burnettizing had 
no other effect than to confine the sap, and make the 
timber decay much sooner than it otherwise would 
have done.” 

Under these circumstances, it seems to be no wonder 
that the results were not entirely satisfactory, but all 
this amounts to saying a very simple and very obvious 
thing—that we cannot hope to get a preservative solu- 
tion into the timber unless we first contrive to make a 
place for it, and that, in order to be successful, the 
work must be done skillfully and thoroughly. 

For this there must be no undue haste; but at the 
sale time it must be acknowledged that the delays re- 
quired properly to season and to prepare timber and 
ties are particularly exasperating to railroad men, and 
many of the works and experiments which have here- 
tofore been abandoned have doubtless been given up 
because of the delays which they brought about in 
necessary renewals of bridges and of roadway. 

The above information has been furnished in large 
part by Mr. W. B. Coffin, Superintendent of the West- 
ern Division of the Erie Railway, and it should be stat- 
ed in fairness that Mr. J. D. Bishop (who had charge of 
the works, and to whom this statement of the expert- 
ment has been submitted) writes that we ‘‘ have put it 


| rather too strongly as to its not being a success.” 


Now that the Bethell process has been improved by 
a preliminary steaming to season the timber, there 
seems to be no reason to doubt that the work can be 
well done at all seasons. 

We may here refer to experiment No. 16, on the 
Union Pacific R.R. Burnettizing works were erect 
at Omaha by that company in 1867-68, and run about 
one year on cottonwood ties. The cost of treatment 18 
stated to have been about 30 cents a tie. 

The works were abandoned as impracticable, as not 
one-tenth of the ties used could be put through the 
machine. Some difficulty was also found from the 
brittleness of the prepared ties, probably, as will be ex- 
plained hereafter, from the use of too stronga solution 
in order te hasten the process. 

It is doubted by your committee whether it is wise to 
attempt to prepare artificially (by any process) ties for 
a road in progress of rapid construction. The quan 
tities required are too vast, and delays are too annoy- 
ing. It is clear that if it is desired to lay some three 
miles of track a day, requiring about 8,000 ties, works 
consisting of one or two cylinders, the capacity © 
which are from 500 to 1,000 ties a day, will not be suffi 
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t. The remedy is to provide an adequate plant, | plug up the mouths of the sap-ducts, soas to prevent 
put this would be costly, i the zine from washing out. Experiments Nos. 21, 22, 
This difficulty disappears for roads in process of | 23, 24, 25, and 26 pertain to this process, and the results 
operation, and then it becomes quite practicable with | seem thus far to be favorable, ‘ : 
one set of works to prepare the ties needed for renew-| ‘The last patented process which seems to call for 
als within a certain district. |nention is that of Mr. Hagen, who uses but one solu- 
Experiment No. 11, on the Philadelphia, Wilmington, tion, consisting of chloride of zinc and gypsum. It is 
and Baltimore R.R., and experiment No. 14, on the | claimed that the ed ow (sulphate of lime) crystallizes 
Philadelphia and Reading R.R., are instructive, and at | and hardensinside of the sap-ducts, and thus forms par- 
first puzzled your committiee not a little. These com-| titions to hold the chloride of zine within the cells. Ex- 
panies set up their own works and burnettized their | periment No. 30 represents this method, and the pro- 
es in order to have the work well done, and they | cess is now on its trial. 


own ti re ; : 
overdid it. | There are now three burnettizing works in this 





They found the ties would last against decay, but/ country. One at Defiance, O., operates the Thilmany 
that they broke in the track. As Mr. I. Hinckley, the | »srocess. An account of the latter is given in Appendix 


No. 10, by Mr. O. Thilmany, the proprietor. 


President of the P., W, and B. R.R., expresses it, ** they 
Works at St. Louis, operate the Wellhouse process, 


were as brittle as a carrot,” and would break in unload- ; , OF ) I 
ing from acar. As Mr, Lorenz, the Chief Engineer of | of which an account is given in Appendix No. 11, by 
the Philadelphia and Reading R.R., puts it, “ the} Mr. J. P. Card, President, while still other works at St. 
elasticity and strength of the wood was destroyed; the | Louis are operating the zinc-gypsum process, of which 
ties became too solid for good wear of the rails,” and | an account is given in Appendix No, 12, by Mr. Theo. 
many of them were removed from the track and used | Plate, President. 
as fence posts, where they lasted a long time. | The cost of burnettizing, when well done, is about 
The explanation is that the solution was too strong, | five dollars per 1,000 ft., b. m., or twenty to twenty-five 
and the surplus zine probably crystallized in the sap/centsa tie. It is particularly adapted to the latter 
ducts of the timber, burst some of them asunder, and | purpose, and your committee recommend it as the 
so made the wood brittle. On the P., W., and B. R.R., | available process to use (in view of the cost) for the 
asaturated solution was used, probably 5 or 6 percent. | preservation of railroad ties. It is believed to be less 
strong, and on the Philadelphia and Reading R.R. the | well adapted to bridge or trestle work, but for wooden 
solution was 3°4 per cent. strong, while experience in| pavements, if well done, it will probably prove a suc- 
Germany has thoroughly established the fact that for | cess. 
railroad ties the solution should not be over 2 percent.| It cannot be too strongly insisted upon that the 
strong, and 1°91 per cent. is considered the standard. work must be well done. The sap or moisture must be 
In this connection we refer you to Appendix No. 6, | removed from the wood to make sufficient room for the 
which consists of an account of German experience | antiseptic, and a sufficient amount of the latter must 
with preserved railroad ties, written by Privy Council-|be put in. To do this thoroughly, of course, costs 
or Funk, of the Cologne and Minden R.R., and trans-| more than to do it hurriedly and badly. It will be 
lated for the Railroad Gazette of May 28, 1880. It will| noticed in Appendix No. 6 that the cost of burnettiz- 
be found very interesting and instructive, and we may | ing has ranged from 5°8 to 19°2 cents a tie in Germany. 
here quote the two conclusions which seem most im-| It has been done for 15 cents a tie in this country, but 
portant to us: is said to have cost about 25 cents a tie on the P., W. & 
“No. 2. The average life of ties properly impregnat-; B. R.R., and some 35 cents a tie on the Philadelphia 
ed with creosote or chloride of zinc, under a powerful | and Reading Railroad, where, however, there was an 
pressure, reaches : | unusual amount of handling. 





Por oak  ties..........cc..0. 19°5 years. CREOSOTING. 

ae *: =) SK 7) .. o 16 ” . . as fa P P . 
Ti “ (hemlock ?) * - 10 “ This process consists in injecting the timber with hot 
onete sah) wd Rss ae “ | creosote oil in a closed cylinder under pressure. It 


was invented and brought into use in 1838 by Mr. 
John Bethell, of England ; and in 1853, in a discussion 
of a paper(by Mr. H. P. Burt) before the British In- 
stitution of Civil Engineers, he made the following 
among other remarks : 

‘* Experiment proved that oil of tar, or creosote, was 
perhaps the most powerful coagulator of the albumen | 


“No. 7. The results of impregnation with chloride of 
zinc and creosote are about equal. But as the impregua- 
tion with creosote costs about three times as much as 
with chloride of zinc, a majority of the German rail- | 
roads have gone over to the latter.” 

Experiment No. 12, on the Chicago, Rock Island, and 
Pacific, in 1866, confirms the German experience 
About 75 per cent, of burnettized hemlock ties were 
still in the track in 1882, after 16 years of exposure, as 
stated in the letter of Mr. M, Alexander, roadmaster, | 





from their tracks, which were yet sound and in use after 
twenty-two years of exposure. 

As a protection against marine worms (the 7eredo 
navalis and Limnoria terebrans) creosote is the only 
known preservative, and if there be enough of it in- 
jected, it is thoroughly efficient. All other substances 
which have been tried have failed, but the success of 
creosote has been established by abundant evidence all 
the world over. . 

The English have found 10 or 12 pounds to the cubic 
foot sufficient in their harbors. The Dutch and Belgian 
engineers use about the same. But the French, rely- 
ing upon a series of very careful experiments, extend- 
ing over a series of years, made by Mr. A. Forestier, 
consider that about 19 pounds to the cubic foot is re- 
quired in their harbors in order to be quite safe against 
the teredo. This latter quantity has been used in this 
country by Mr. J. W. Putnam for piles exposed along 
the Gulf of Mexico, and it seems probable that the 
higher temperature of the sea water, and consequent 
greater activity of the feredo in the French and our own 
southern harbors, requires a more thorough impregna- 
tion with creosote than in northerly waters to afford 
immunity. 

The conditions under which creosoting is done in 
England differ from those in this country in two im- 
portant particulars : 

1. The English operate upon seasoned timber, which, 
as it is chiefly brought from the islands of the Baltic, 
from Norway, and from Sweden, generally reaches 
them some five or six months after it is cut, and fre- 
quently remains stacked up some months more after ar- 
rival before it is creosoted. All the English engineers 
specify that ‘‘ the timber shall be thoroughly dry before 
being creosoted,” while in this country we have almost 
invariably operated upon freshly cut timber, full of 
moisture and sap. 

This has led to steaming the timber previous to its in- 
jection with creosote (as well as with the metallic salts), 
in order to vaporize the moisture and make room for 
the solution. There are several methods of effecting 
this steaming, covered by a number of patents more or 
less meritorious, but the committee has included them 
under the general head of steaming in describing some 
American experiments. 

It is understood that steaming is now also used 
abroad, particularly in Germany, even when seasoned 
timber is injected, it being considered a valuable im- 
provement upon the original process of Mr. Bethell. 

2. Creosote is cheap and abundant in England, while 
it is comparatively scarce and dear in this country. 
This, together with the higher price of labor and the 
longer time required to operate upon freshly cut tim- 
ber, has made creosoting so much more expensive here 
than in England that in a majority of cases calculation 
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given as Appendix No. 7. 3 6 ehenmen 
A similar result was obtained in experiment No. 15, | No. Loca ity. pa Process. Material Treated. Exposure, Results. Anthority. 
on the Lehigh and Susquehanna R.R., where Mr. L. 
L. Buck, whose letter is given in Appendix No. 8, ex 1635 : PUA Leet ren ees ee — ee ena 
found that maple, beech, and hemlock aor had resisted 1 |Philadelphia and Reading Railroad....| 1854 |Coal tar Ties . Railroad track., Failure -»see. W. Lorenz, 
decay almost perfectly with 15 or 16 years’ exposure. 2 |Teanton, Mem, ....0- <hbsab ahaa 1m [Bethel Piles {Tere pre Favorable fon L Hinckley. 
y -erni 1X j s S 718 ¢ ” 3 |Callowhill Bridge inet inet oiling .|Plank ..|Bridge floor SPEND. wossecees . Hering, 
" om nae =| . er yo Py rs 18, und he — 4 |\Chicago, Burlington, and Quincy R.R.. 1868 |Seely... . |Ties. |Railroad track...../Failure..... .../T. H. Perry. 
ave been able to obtain but little information. 1€Y | 5 |Chicago, Rock Isiand, and Pacific R.R.| 1868 | “ we pea .| “ ..-++| Failure . E. H. Johnson, 
seen to have been failures, but whether due to bad  ¢ |st Clair Flats ... nerpaneenet ie [Pine timber....... |Canal i aoe Feilure eas F. Harwood. 
work or to the exposure we could not find out. 7 |Wilmington, Cal.............. 1871 |Robbins.. . Piles eseeee leredo .|Failure..............C. B, Sears. 
: +t |W y isos kdashoanecns 2 es P x blocks...... |Laboratory..... Unfa __ ae . C, Tilde 
We may say, however, that we consider burnettizing | & |W#shineton - +++] Soe losis Paving blecks wus {ooo W. C. Tilden, 
less well adapted to bridge work than to the preserva-| 10 | Pittsburg sasecabasGilak and rufker<cvsea 44 ane eal eel sent... dadenedl 0 LAL Dempater. 
tion of ties. This is indicated by the results of experi- It Washington WingeteceGeghactineee sania 1872 Iconstant & Smith on |Laboratory emai |Unfavorable bis w.c. "hilden, 
ment No. 13, at the Havre de Grace bridge, where pine = * . 2 pip Wine eae ge = —- “s — : evens] “ 
timber burnettized proved brittle. Mr. Edward Larkin, | 14 New Orieams..20 0000000 20000000002...) 1872 [Boiling “ Paving..... Success. T. Forstail. 
who had charge of this bridge, and whose letter we | > — Ps ncrnchevacedecansnns = ida ; prea... ° — suet O88... .. a aeneees 
ive i > ix rT te ‘ . ; 2 6 ee $6. 6g eseecee 2 es oe a ee Success .. ake } . Co, 
give in Appendix No. 9, states that the solution was} 17 |Cvcand.220 2 22220 1873 |Seely .. es 5 cahaais \Paving........... Favorable, ....... |H. G. Wilson, 
112 per cent. strong. We are inclined to believe that | 18 |U.s. Ss. Vandalia.2/.77. 1873 |Steaming..... Timber Cees ee Favorable ... F. L. Fernald. 
it must frequently have been exceeded in working, as| 19 |Dry Tortugas. : 1873 | nila OE {Gun platforms. ....|Fortification.. .....| Failure . |W. H. Hener. 
a’solution of this strength has nowhere else (that we 20 Titusville | 1878 Petroleum. - ies. . ... saeee Railroad track.. Various. eeees O, Chanute. 
, Aa chet : 21 | Rochester 1873 Machines. ........./Weather..... ...|Favorable . J. 
know of) proved injurious to the strength of the tim-| 22 |Guiveston.... 2.2 0. 1874 |Steaming. ... Pine blocks....... Paving... ...... .|Failure..... G. M. 
ber. 23 | be 1874 ae  pentaran | at .. Stable. ............. |Success.............|W. E, Gregory, 
jas | , 1 i is countrv ar . ) ie epacace sevees 1875 es ovespececf Bi ecs cess secens Teredo. . |Partial success. ...|B. M. Temple. 
; ith as been found, however, . oth e this count "bos ad 25 |New Orleansand Mobile R.R.......... 1876 | ’ nage heal ea RE, eee Sete Success ...........\J. W. Putnam, 
in Europe, that when zine solutions are employed, | ; “6 ve + eis SeaRaN 1876 “ ** limber... ""lBridges........ ie sil “ 
_ enough not to injure the strength of the timber, | 27 |Bound Brook Railroad..... 1876 Hayford a \Ties. ; [Railroad track. .. " Re. “i ..|E. R. Andrews, 
they are likely to wash out under the action of rains | % |New York..... wt te teens 1876 |Webb's...... hey veeee ‘2 -» +» |Pailure | 
1 oa - @ aw ‘ » 29 Delaware Bay. . Sppees ie . | 1878 |Steaming..... |Pine blocks. . MUSED. 2... seesece Success. os oee|W. Ludlow, 
and moisture, and to leave the timber unprotected. 30 Philadelphia and Reading Railroad....| 1878 | ~ eeeee Ties. ace Railroad track.....|Success, 1882.......|/W. Lorenz, 
This is quite well shown by the ties on the Chicago, | 31 Boston ..... .........0...0..0.. | 1978 | ..|Fence posts........|In earth.......... Favorable ... ..|A. F, Perkins. 
k Island, and Pacific Railroad sy apm No. 8), = Hoboken = . a: : . —— track... - @ +0 ebees |W. W. Shippen, 
whieh ar 2a ved ¢ is 7 =f & wee . épemeaebas | if = e Weeccrvecee eveseness : 
which are dec ayed and exfoliated on t ne outside. #4 Trenton........ ocosecesios | 1879 | e esene-wes |Planks Bridge..............|Favorable. .. |R. E. Pettit. 
Burnettized ties decay from the outside toward the, 35 |New Orleans......... 221202222) i eee Ties. . Railroad track... . ts seseeeeee./T. Forstall. 
heart, while creosoted ties are more likely to decay = Houston. eates vossenconce 1880 | - Fie a se . ; ms See 
. n = " in, , 3¢ ‘New Orleans tte tes iles TIGBWS.. ...s0000 > 0 ccccesee. fae ~aren, 
frrom the heart outward. The reason is the same in} 33 Charleston, 8. - ise 4 ae Jom ERY } ee 4 yo 
both cases, decay beginning at the point where vhere | 39 ‘Pensacola and Atlantic R.A 1882 ‘ and timber. ..|Bridges...... - : " 
remains the least of the antiseptic material. The | 


heart-wood being most dense, rooney absorbs the | 


least; but in the case of burnettizing, the chloride of 
zinc, being a very deliquescent salt, readily washes out, 
and allows decay to set in. Creosote or dead oil does 
not work out, and, in time, decay begins in the heart- 
wood, which has received the least of it. 

When wooden pavements began to be largely used in 
Washington, D. C. (experiment No. 19, which, by the 
Way, seems to have failed because of very bad work), 
Mr. W. C. Tilden, A. A. Surgeon, U. 8. A., made some 
chemical tests on the various processes of wood pre- 
serving which were used cr proposed. 
burnettized spruce (experiment No. 20), he found that 
all the zine.was easily removed by acidulated water, 
and this defect in burnettizing seems to be so generally 
understood that it has led to the patenting of a num- 
ber of devices to remedy it. 

The first of these in point of date is that of Mr. W. 
Thilmany, who patented the use of a double solution, 
the first being that of sulphate of zine, and the second, 
subsequently applied, a solution of chloride of barium, 
which, it is claimed, by combination with the first solu- 
tion, changes it into an insoluble salt of sulphate ef 


In the case of | 


aryta. Experiments Nos. 27, 28, and 29 pertain to this | 


process, and time will have to determine whether they 
prove successful. Chemists who have been consulted 


by your committee doubt whether it is possible for this | 


chemical reaction to take place on the inside of the sap- 
duets of the wood, many of which are only 1-200 of an 
inch in diameter. 
he next patented process was that of Mr. Well- 
ouse, who also employs a double solution, the first 
being chloride of zine, to which a little glue is added, 
and the second a solution of tannin, which it is claimed 
forms, upon coming into contact with the glue, small 
Pellicles or films of insoluble artificial leather, which 











(of wood), while it, at the same time, furnished a water- | showed that it was cheaper to let the timber rot and to 
proof covering for the fiber, and its antiseptic proper-| replace it than to go to the expense of preparing it 
ties prevented putrefaction. If, then, the operation of | against decay. 
injection was well performed, there wasevery reason to} This condition of affairs brought about a considerable 
anticipate the perfect suecess of the system. He found | number of inventions and experiments to circumvent 
that by forcing at least 7 pounds of creosote oil into| the foreign experience and to make alittle creosote per- 
each cubic foot of timber the process was perfect for| formas muchasa great deal. None of these can be said 
railway work, but for marine work it was better not to | to have been successful, and it isone of the anomalies 
have less than 10 pounds per cubic foot. | which at first much puzzled your committee that the 
‘* He was inclined to prefer the employment of porous | record of creosoting experience in this country should 
timber, as it absorbed the creosote more readily, was | chiefly consist of failures, while the process is a 
more perfectly saturated, was cheaper in first cost, and, thorough success in England. 
when properly prepared, would last longer than heart! Investigation showed, however, that most of these 
of oak or any other very solid timber. ae |experiments were not true creosoting, as understood 
‘“The best timber for use was young, growing wood, | abroad; and, inasmuch as failures are far more instruc- 
thoroughly dried; if it was fresh cut, or had been float- | tive than successes, they are here given, under the gen- 
ed so as to saturate the pores with water, there was/| eral head of ‘* Creosoting,” while our comments will 
great difficulty in creosoting it. . . . | show wherein they differ from true creosoting. 
“* He had experienced so much difficulty in procuring | COMMENTS ON CREOSOTING EXPERIMENTS. 
a proper quality of oil of tar that he was compelled to | : 
establish manufactories and to distill it to suit hisown| The first experiment upon the list, that on the Phil- 
pur . | adelphia and Reading Railroad in 1854, was not made 
The best known engineers, such as Messrs. Brunel, | with creosote at all, but with the coal tar from which it 
Hawkshaw, Rendell, and others, also gave, on that|is extracted. ‘* Some 70,000 ties were prepared by first 
oceasion, the results of their experience, which was in| placing them ina large drying chamber for 76 hours, 
every case satisfactory when the work was thoroughly | at a temperature of 120 degrees, then placing them for 
done, and creosoting has now become the standard | 2 hours in a bath of coal tar, at a temperature of 150 
mode of timber preparation in England. | degrees.” Subsequently this was changed to the dip- 
There is no question about its efficacy and economy | ping of 2 feet at each end of the tie into the tar, so as to 
when well done, as evidenced by the fact that out of | give the center a chance to part with any remaining 
twelve of the leading railways of Great Britain to whom | moisture. ) 
Mr. Bogart, Secretary of this Society, addressed cireulars| The cost was 8 centsa tie, but it was discontinued, 


of inquiry in 1878, ten used creosoted sleepers, and some | because it was not found to prolong their life. 
The Committee has heard, in a somewhat vague way, 


of them forwarded with their answers sleepers taken | 
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of a good many other experiments with coal tar. None 
of them proved successful, except where seasoned fence 
posts or paving blocks had their lower ends dipped. 
Chis kept out the ground moisture, while the wood 
could still dry out through the top. Whenever the 
whole stick was covered with coal tar, and the sap and 
moisture confined, the result was fermentation and 
failure, especially in those cases when the ammonia 
was not previously removed from the tar by boiling. 
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jury from heat. Specimens are evidently suited for ex- 


posure to dry air only, under which circumstances the 
protection is sufficient.” 

To make a long story short, the process entirely 
failed to perform what was claimed for it; some por- 
tion of the works which were in New Jersey blew up, 
and the enterprise also exploded. Somewhat similar 
was the process of Constant and Smith (experiment 


| No. 11), which provided an iron chamber in which the 


The second experiment (in 1865) was true creosoting. | 


it was conducted under the instructions of Isaac Hinck- 
ley, Esq., then of Massachusetts, in the preparation of 
about 700 piles for the construction of a bridge over the 
Taunton River, on the Old Colony Railroad. Creo- 
soting works were erected for the purpese of treating 
these piles, and these works are stillin use at Somerset, 
Mass. In 1878 the Chief Engineer of the Old Colony 
Railroad, the late,E. N. Winslow, wrote as follows about 
these piles: 

“We have removed about 200 of the 700. The 
work was generally done with a rush and in a careless 
manner; many of the piles were fitted, knots trimmed 
up, ete., after they were creosoted. I find they are 
eaten in patches and spots, commencing apparently 
where the trimming was done. Upon examination | 
find the outer portion of the piles, from y to 4¢ inch in 
thickness, filled with to-day as limpid and 
odorous as when applied. Henee, | infer the attack 
has been made in almost every instance where the 
trimming or fitting was done.” 

‘he experiment was considered a success, and has 
been continued, but all trimming of timber after treat- 
ment, destined to be exposed to sea Water, is now re 
cognized, both here and abroad, as fatal to suecess, in- 
asmuch as the feredo will attack any point unprotected 
by sufficient creosote, and will speedily make his way 
to the heart wood, which, in consequence of its 
density, can absorb but a small portion of this pre- 
servative. 

The third experiment was simply an instance * how 
not to do it.” Instead of being properly creosoted, 
the planks for the Callowhill bridge floor, in Phi- 
ladelphia, were simply dipped into hot creosote, ab- 
sorbed but a small portion of it, and decayed quite as 
fast as if they had not been treated at all. 

Even the framing of creosoted timber which is to be 
exposed to sun, air, and rain is considered undesirable, 
as the cutting away of the saturated part admits the 
germs of decay to the less impregnated parts 

Experiments 4, 5, and 6 pertain to the Seely pro- 
which was hailed at first as a great improve 
‘effete coun- 


creosote, 


Cess, 
ment over the methods pursued in the 
tries of Europe.” 

The process consisted in immersing the wood in a 
closed iron tank of the oil, and raising the temperature 
to between 212° and 300° F. This was supposed to drive 
all the moisture out of the wood, when the hot oil was 
suddenly replaced by a bath of cold oil, which, con- 
densing the steam remaining in the sap cells, was sup- 
posed to rush in and saturate the timber thoroughly. 

It was believed to be well adapted to operating upon 
green, wet, or unseasoned timber; and as the wood 
generally absorbed but 2 to 4 pounds of creosote to 
the cubic foot, it could be treated at about European 
prices, The process was vigorously pushed for a time, 
and introduced in all partsof the country. It failed 
on the Chicago, Burlington, and Quincy Railroad 
(No. 4), on the Chicago, Rock Island, and Pacific 
(No. 5), and on the Government works at the St. Clair 
Flats (No. 6) 

It was possible, however, with sufficient time and 
expense, to obtain with this process better results than 
the above. A specimen paving block (experiment 
No. 9), submitted to the Government chemist, Mr. W. 
C. Tilden, in 1872, presented a satisfactory appearance 
of saturation; and paving blocks in Pittsburg (experi- 
ment No. 10), as well as in Cleveland (experiment No. 
13), having been saturated with about four pounds of 
creosote to the cubic foot, have lasted about ten years, 
or some four or five years longer than they would have 
lasted in their natural state. 

There were those, however, who believed that the 
Seely process used too much creosote, and who reason- 
ed that if dead oil were applied to the timber in the 
shape of vapor, it would be much more penetrating, 
and a much smaller quantity would answer, 

A number of devices were accordingly patented for 
smoking wood with the vapors of coal tar and of creo 
Of these, the process which became the best 
known was that of Mr. L. 8S. Robbins, which was first 
introduced in 1867. 

It was most extensively advertised. Local companies 
were formed in New York, New Jersey, Pennsylvania, 
Massachusetts, New Hampshire, Connecticut, and Ca- 
lifornia, with millions of capital. A convention of de 
legates from each of these companies was held at the 
Astor House, in New York, in 1869, at which Mr. Rob- 
bins was spoken of as a “great public benefactor,” 
whose ‘‘ American genius has made an invention which 
may be classed among the greatest achievements in the 
useful arts, whose process accomplishes by the subtle 
agency of vapor, in a perfect manner, what the Bethell 

»yrocess, by the gross material, imperfectly did. The 
3ethell proces, however, established the efficacy of 
coal tar treatment to preserve wood from decay, but 
how much more certainly will decay be prevented by 
the Robbins process |” 

The first record we have of the-results is that of ex- 
yeriment No. 7, in the Government harbor works, at 
Vilmington, Cal,, in 1871. Over a million feet of tim- 
ber was treated by the Robbins process, being im- 
pregnated with about 1°¢ pounds of oil to the cubic 
foot, at a cost of $10 coin per 1,000 feet, b.m. The en- 
gineer in charge, Mr. C. B. Sears, says : 

“It utterly failed to protect the timber from the 
worms, which were not more than two months longer 
in attacking it than in ettacking the untreated timber, 
and when once in, their acti ™ seemed to be more 
rapid and destructive than inthe .tter; in fact, they 
relished it rather more.” 

But if the Robbins process was held in contempt by 
the 7eredo navailis, it was claimed that it was efficaci- 
ous in preserving against decay ‘‘ wooden pavements, 
railroad ties, telegraph poles, freight cars, and coffins.” 
It was examined for the first of these purposes (experi- 
ment No, 8), by Mr. Tilden, who reported 

‘‘Absorption power very high. Percentage of hy- 
drocarbons very low in all portions of block, except 
the outer. No solid hydrocarbons observed, even on 
surface (naphthalin, etc.), Condition of wood shows in- 


sote 


wood was placed and exposed to the smoky vapors of 
coal tar, generated in a separate retort. It did no good 
in preserving timber. 

The same may be said of the Detwiler and Van 
Gilder process (experiment No. 12), of impregnating 
wood by resin dissolved in naphtha under pressure 
and at a high temperature. 

In 1871, Mr. N. H. Thomas, of New Orleans, brought 
forward a proposal for preserving wood by immersing 
it in rosin oil. The process was thus deseribed by 
the consulting chemist : 

‘The albuminous matters of the wood are coagulat- 
ed, and the sap converted into steam by heat, and the 
wood thus treated is plunged into boiling rosin oil. 
The rosin oil permeates the pores of the wood, and not 
only prevents the introduction of moisture and oxygen, 
but it also, in virtue of its own indestructible and anti- 
septic properties (similar in most cases to those pos- 
sessed by the materials used by the Egyptians in em- 
balming dead bodies, and which have resisted decompo- 


sition for ages), preserves the wood from decay and | 


the destructive action of plants and animals.’ 

After figuring up the enormous money savings which 
would result to various interests, if timber can be made 
to last by his process ‘25 or even 20 years,” Mr. Tho- 


mas thus summed up the history and mystery of wood | 


Kyan invented a process of preserving 
wood in 1832; Burnett, in 1838 ; Bethell, in 1888; Mar- 
gary, in 1887; Boucherie, in 1839; Payne, in 1841. 
Thomas patented his invention in 1871, after many 
years of experiments. Chloride of mercury, sulphate 
of copper, creosote, chloride of zine, pyrolignite of 
iron, sulphate of iron, carbonate of soda, are the mate- 
rials used by the first named inventors, Thomas uses 
rosin oil, which is cheap and healthy.” 

Works were erected in New Orleans, but after several 
years of experiments it was found impracticable to im- 
pregnate wood with enough rosin oil to do any good, 
the difficulty being understood to be that it could not 
be rendered sufficiently fluid to fill the sap cells so as 
to prevent the intrusion of moisture. 
was accordingly given up. 

A somewhat singular proposal was that of the 
‘** American Wood Preserving Company,” of the city of 
New York, which we have not included in our list of 
experiments, because we have not been able to learn 
that it ever tried any experiments. 

In 1868 it issued a circular beginning as follows : 

* By ancients, we have to say, that centuries ago, 
when the banks of the Nile became so densely popu- 
lated, and the forests of Northern Africa disappeared 
and were converted to the uses of civilization, it be- 
came necessary to adopt some means to preserve all 
articles that were composed of wood from mould or de- 
cay. Wood became valuable: the demand for it was 
imperative, How long it required to bring the process 
of preservation to perfection, it is now impossible to 
find out; but that the Egyptians had a process, and 
that they did preserve wood and many other perish 
able things for thousands of years, there is no doubt. 

‘In the New York Historical Society rooms, corner 
Second Avenue and Eleventh Street, which contains 
the Egyptian Museum, can be seen «ood which is over 
four thousand years old; also linen, towels, robes, 
ropes, canvas, paper, and numerous household articles 
and implements, all of which have been preserved and 
are now in good condition, so that, whatever may be 
said as to what can or cannot be done in this age, we 
have the incontrovertible fact before us that wood has 
been preserved for over forty centuries. To 
rediscover the lost arts of the ancients has for years 
occupied the attention of the first minds of the Old 
World ; but it seems to have been reserved for this 


preservation : 


inventor to discover and apply practically one of the | 
. It wi 


most Important. . will give us great pleas- 
ure to have you call at our office at your convenience, 
when we can undoubtedly satisfy you as to the merits 
of this great invention. We would very much like you 
to become interested in the enterprise, as we have no 
doubt it will prove a great success.” 

No explanation whatever was given in this circular 
as to the character of the process ; but having indi- 
cated the exact museum where the Egyptian remains 
were to be found, and hinted that the inventor had 
rediscovered the method of their preservation, the pub- 
lie was invited to subscribe for shares in a com- 
pany with a “‘eapital stock of $1,000,000, divided into 
10,000 shares of $100 each, of which 1,000 shares reserved 
for a working capital.” 

The process (which is believed by the committee 
to have been some method of applying rosin) does not 
yet seem to have come into general use. 

Nothing is more curious than the way in which all 
the inventors of cheap processes for preserving wood 
quote the ancient Egyptians. That bodies, coffins, and 


cloths should have been preserved for three or four | 


thousand years appeals to their imagination; and, tak- 
ing no account of the fact that the Egyptian mummies 
were kept in perfectly dry caverns, thoroughly pro- 
tected from weather and moisture, they are sure to 
claim that their particular nostrum had something to 
do with it. 

They claim this for the ‘‘ Seely process” of employ- 
ing creosote ; for the ** Robbins method” of using coal 
tar; for the ‘‘ Thomas application” of resin; for the 
‘** Foreman process” of applying arsenic, ete., etc. And 
then they generally go to work figuring up the profits, 
much after the method of Col. Sellers of multiplying 
the profit on a bottle of eye water by the number of 
sore eyes in the world. 

While on this subject we may allude toa New York 
inventor who did not spoil the **‘ Egyptians,” but tried 
instead an entirely original experiment. Having 
noticed that the scows which he used in his business 
were attacked by the feredo, he smeared their bottoms 
and sides with hot coal tar, and then sprinkled over it 
an even layer of Scotch snuff. Being a hater of tobacco, 


| he believed this would be about the most disagreeable 


thing he could do to the teredo. Unfortunately, how 
ever, for the experiment, the coal tar rubbed off in 
spots, and the teredo got in. 


The enterprise | 





or =a 
Experiment No. 14 was tried in New Orleans in 4 
ving blocks were thoroughly boiled in @ 
sote, or dead oil, in the still of Geo. H. Fletcher and 
were laid in the yard of the New Orleans Gag } t 
Company. They are said to have been saturated w th 
not less than 20 pounds, and probably with 25 to 30 
pounds, of dead oil to the cubie foot, and are NOW (1885) 
rfect as 


| Cypress 


| 


after thirteen years’ exposure, as sound and pe 
when first laid. 

Experiment No. 15 was only a?temporary « xpedient 
to protect the sheathing of the East River bridge cais. 
son from the teredo while being sunk. Being now en- 
tirely buried beneath the mud, it is safe from attack 
Only two pounds were injected per cubie foot, 

Experiment No. 16 consisted of some planks, creogot. 
ed by the Hayford process, laid in 1872 in the basement 
floor of the factory of the Blake Manufacturing Com. 
pany. These were yet in an unusually good state of 
preservation in 1882, although having been in contact 
with the flow of the tide since they were put down 

Experiment No. 18 was tried by the United States 
government upon the U. 8. steamer Vandalia. This 
vessel was built in 1873, of timber creosoted by the 
Hayford process, and when examined in 1882 Was quite 
sound, while other ships built at the same time of un. 
treated timber had received and still required extep. 
sive repairs. There seems to be no question that when 
creosoting is well done it is effective. 

There must have been some careless work in experi- 
ment No. 19, in which some 12° by 14° timbers for gun 
| platforms were treated at Boston, and laid in 1874 at 
Port Jefferson, Dry Tortugas, Fla. They were go 
thoroughly rotted in 1878 that a cane was easily thrust 
through them. 

One of your committee has heard it stated that the 
timber was simply swabbed over with an oilrag, and 
that the first works erected in Boston for creosoting 
would not stand ten pounds pressure to the square 
inch, so that no effective work could be done. 

Experiment No. 21 illustrates how necessary it is to 
know all the facts before forming a conelusion. Hay- 
ing been advised that favorable results had been age. 
complished at Rochester, N. Y., by the application of 
crude petroleum to farming machinery (experiment No, 
21), the committee caused inquiries to be made in the 
oil regions as to the experience there. 

Some general information was obtained as to the 
life of wooden oil tanks, duration of oil derricks, ete, 
ete., butit was rather indefinite. 

At length a positive statement was received that on 
the Oil Creek Railroad crude petroleum had been 
found to extend the life of hemlock ties to fourteen 
years, and of oak ties to eighteen years. That two 
| gallons were required per tie, and that the ties, after 
being dried, should be put into boiling oil, the small 
end down. This seemed clear and definite, and the re- 
sults promised to be so important that one of your 
|committee went out to Titusville to investigate. He 
| found that no ties had ever been actually treated by 
the process above indicated, but thatit was thought 
that it would be the best way of applying petroleum 
should it be wished to preserve timber with it; that 
the experience consisted in observing the duration of 
ties in various side tracks on which crude oil was 
loaded, and where there was more or less dripping. 

The side tracks were accordingly examined. Upon 
the principal one, still used as a track for loading oil, 
the ground was found to be completely saturated with 
petroleum; it oozed out andspurted upfrom beneath the 
ties upon the passage of each car, and here ties twelve 
or thirteen years old have been found to be as follows : 

Hemlock, slightly dozy outside. 

Black oak, slightly dozy outside. 

White beech, dozy outside, sound inside. 

White ash, sound and bright. 

Black ash, sound and bright. 

White oak, perfectly sound. 

Upon an adjoining side track, however, which had 
been used for loading oi] for two or three years, and 
subsequently used for other purposes, the ties were 
found to have been once saturated with oil, but the 
ground was no longer in that condition. This side 
track was nine years old, laid of hemlock ties, and 
these were badly rotted and in need of renewal. 

The conclusion drawn was that crude petroleum, by 
excluding moisture, would prove a preservative so long 
as it continually saturated the wood, but that if merely 
injected once for all, its volatile nature would result 
in its evaporating ont and leaving the timber unpro- 
tected. 

Experiments Nos. 22, 23, and 24 illustrate the differ- 
ence between good and bad work. Creosoting works 
at Galveston, Texas, creosoted in 1874 some 10,000 
| superficial feet of long leaf yellow pine paving blocks. 
The result was not satisfactory. The blocks upon 
being examined in 1881 showed that the creosote had 
penetrated the wood for about one-eighth of an ineh 
only, and the center was dozy. Some other blocks, 
however, furnished for a stable yard (experiment No. 
23), were of bastard or loblolly pine, which, in its or 
dinary condition, isa very perishable wood. These, 
when examined in 1885, proved to be perfectly sound, 
and upon being split open were found to be creosot 
to the center. 

The works above alluded to were principally estab- 
lished to creosote the piles for the railroad bridge over 
Galveston Bay, which is some two miles long. This 
was in 1875 (experiment No. 24). In 1882, Mr. Temple, 
the chief engineer, wrote: 

“ About one-half of the piles have been renewed, 
having been eaten by the teredo, caused evidently by 
dishonest creosoting, for last year, upon taking out the 
| foundation of the drawbridge for the purpose of re 
| placing it with brick, it was discovered that only two 
piles had been attacked out of a selected lot of seventy- 

four. 

The piles were loblolly pine, known in most South- 
ern States as ‘fox tail’ or ‘old field’ pine, the life 
|of which, not treated, is about two years here.” 

The next two experiments (Nos. 25 and 26) relate t0 
the most thorough creosoting and the most complete 
i suecess which has been achieved in this country. They 
|cover the preservation of timber both against the 
|teredo and against decay in the bridges of the New 
| Orleans and Mobile Railroad, by Mr. J. W. Putnat, 
| whose detailed account is given in Appendix No. 
| As this will be doubtless read in extensc, it seems SUP 
| ficent to say here that it proves conclusively that whea 
| sufficient pains and expense are incurred, creosotlng is 
thoroughly efficient. 
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riment No. 27 relates to some 10,000 Virginia 
e ties, which were ereosoted in 1875-76, and laid 
nthe Central Railroad of New Jersey, beyond 
nd Brook. These ties were allowed to season sev- 


DECAY IN BUILDING STONES.* 
By Professor THOMAS EGLESTON. 
THE origin of the investigations as to the cause of 


nths before being treated, and therefore ab- 
aed the oil satisfactorily. They are now quite sound 


after seven or eight years’ exposure, and are very little 


eut into by the rails. 
Since then about 12,000 more have been treated at 
the Elizabethport works by Mr. Andrews, of this com- 


mittee, whose views upon creosoting generally are 


with given in Appendix No. 14. 

“" this connection, we may allude to the “ Webb” 

rocess (experiment No. 28), which dates back to 1871, 
and consisted in boring a hole lengthwise through the 
center of the tie or timber to be reserved, stopping up 
the hole with a plug, and then by a lateral hole filling 
the cavity with creosote oil; the lateral hole being aft- 
erward plugged up with an iron screw, so that the 
operation could be repeated. A company with a capi- 
tal of $2,000,000 was formed for the purpose of exploit- 
ing the portable boring machine with which the holes 
were to be bored, and of granting licenses to railroad 


companies upon a royalty of ten cents a tie. As the pores | 


of the wood are mostly longitudinal with the grain, and 
are fewest and smallest about the heart, it was not 
found that the creosote thus barreled up in the ties 
disseminated itself much into the sap wood, especial- 
ly during the winter, when creosote congeals at about 
60° Fahrenheit, and becomes quite solid at lower tem- 
peratures. 7 : : 

Experiment No. 29 consisted of two yellow pine blocks 
ereosoted with fifteen to nineteen pounds to the cubic 
foot, which were furnished by Mr. Andrews, and ex- 
nosed with two untreated blocks from the same stick 
or 698 days in Delaware Bay. At the end of that time 
the untreated blocks were largely destroyed by the 
teredo, and the creosoted blocks were perfectly sound. 
It was also found that the latter had lost nothing in 
weight, thus indicating that the oil had resisted any 
chemical or mechanical tendency of the water to re- 
move it. 


The next five experiments (Nos. 30, 31, 32, 33, and 34) | 
all pertain to the Hayford process as carried out by | 


Mr. Andrews, and applied to ties, fence posts, piles and, 
lank. 
imited time which has elapsed permits judgment to be 
formed. 


Experiment No. 35 consists of some pine ties creo- | 


soted by Mr. Putnam, and laid in New Orleans. It 
may confidently be asserted that they will prove a suc- 
cess. 

Experiment No. 36 represents the work done on the 
Houston and Texas Central, in creosoting ties at their 
own works at Houston, Texas, It has proved a success, 
and an interesting account of the process is given by 
Mr. M. G. Howe in Appendix No. 15. 

Experiment No. 37 consists in creosoting the piles in 
the long bridges across Lake Pontchartrain, i Or- 
leans, for N. O. and N. Eastern R.R., the extension of 
the Cincinnati Southern Railroad. The company 
built its own works, and they have been under the 
superintendence of Mr. J. W. Putnam. 

GENERAL REMARKS ON CREOSOTING. 


It thus appears that there is no process of wood pre- 


serving the efficacy of which, when well done, is better | 


established than creosoting, but there is also no pro- 
cess where more bad work has beendone, either from 
design or ignorance. The reason of this will be appar- 
ent when the cost is considered. 

Creosote now costs about one centa pound, and the 
supply in this country is not equal to the demand, so 
that it has to be imported from England. For protec- 
tion against decay alone, it seems necessary to inject 
by the present methods from eight to twelve pounds 
per cubic foot, and this represents as many cents per 
cubic foot for the antiseptic alone. 
to the smaller class of ties, averaging about three 
cubie feet each (and ties on many roads average four 
feet), we have from twenty-four to thirty-six pounds 
(or cents) of creosote required for proper injection. To 


this is to be added the cost of handling the ties and! 


working the plant, so that it may be said that properly 
to creosote ties will cost from thirty-five to sixty cents 
apiece, in accordance with their size and the amount of 
oil injeeted. This cost in most instances will be pro- 
hibitory, and it will generally be cheaper to let the ties 
rot and to replace them at present prices. 

For timber in very wet situations or exposed to 
marine worms, creosoting is the only method which in- 
sures success. Whether it will pay to use it will de- 
pend upon the exposure and the activity of the worms. 


Along the Gulf coast, where the teredo cuts off a pile in | 


eight months, there is no question about the matter, 
and creosoting must be resorted to. 


its own merits. 
age, or by the discharge of gas works, or the fermenta- 
tion of vegetable refuse, such as the dust from an ele- 
vator, the teredo is inactive, or is driven away alto- 
gether, as he requires reasonably clean water to exist. 
For the same reason, he will not work much below the 
mud line. It is stated, however, that the limnoria is 
not injured by some varieties of sewage. How far 
these considerations may be relied upon will depend 
upon the cjreumstances of each case; and it will not in- 
frequently happen that it is cheaper, in view of cost 
and accruing interest, to let the teredo eat the piles 
than to incur the expense of creosoting the timber to 
keep him out. 

It seems to be established that it requires from ten 
to twenty pounds of creosote per cubic foot, depending 
upon the exposure, to protect timber against the teredo. 
The total cost, therefore, may be estimated at 14 to 24 
cents a cubie foot, or $12 to $20 per 1,000 feet, b. m., for 
piles or square timber exposed to the attack of marine 
Wworts, and from 12 to 16 cents a cubic foot, or from $10 
- $14 per 1,000 feet, b. m., for timber exposed to decay 
alone, 
 anere are creosoting works in this country as fol- 

WS: 

Somerset, Mass. ..Old Colony R.R. 
Brooklyn, N. Y...Eppinger & Russell. 
ascagoula, La...New Orleans and Mobile R.R. 
Nnfouca, La..... New Orleans and Northeastern R.R. 
Houston, Texas. ..Houston and Texas Central R.R. 
Summerville, 8. C.Soeuth Carolina R.R. 


(To be continued.) 


The results are all favorable, so far as the} 


If we apply this | 


In our northern | 
harbors, where piles are destroyed in from five to} 
twelve years, each case will have to be considered on | 
Where the sea water is fouled bysew- | 


the decay of building stones was the observation by 
| the corporation of the Trinity Church, New York city, 
| of signs of decay in the stone of some of the structures 
under its charge. The investigation was intrusted by 
that corporation to Professor Mistestoa, and authority 
has been given to publish the results. 

The building stones mostly used in the United States 
may be classified as ites, sandstones, and lime- 
stones, The decom tion of the granites is slow, and 
has been carefuily studied. An example is the obelisk 
in Central Park, which has stood for two thousand 
| years in a dry climate. A erumbling decomposition 
| had occurred to some extent before it was brought to 
|this country. Since its arrival here the disintegration 
/has been very rapid. Pieces can be picked up after 
| every storm. If it be not in some way placed under 
| cover, the injury will in fifteen or sixteen years be pro- 
bably beyond repair. 

It is usually supposed that the sandstones that-are 
used for buildings are homogeneous, and composed of 
very few substances. The examination of the stone of 
Trinity Church, however, showed that it contains 
twenty-six different minerals, none of which were recog- 
nizable without the aid of a microscope. 

The sandstones may be divided, according to their 
binding material, as those containing an organic, a 
ferruginous, a calcareous, and silicious binding mate- 
rial. Those containing the organic material decom- 

se, and go sane to sand. Those containing the 
erruginous bindi 





ing material are very uncertain, the 
amount of iron frequently being just sufficient to hold 
the sand together, and sometimes after a slight expos- 
ure the material decomposes entirely. Those contain- 
ing a calcareous binding material are affected by the 
| weather, and after a certain time in large cities this 
‘ealeareous cement is entirely removed, and the stone 
goes to pieces. The silicious binding material is not 
affected. 

As an instance of the way in which these stones 
decompose, the cathedral at lez, in the department 
of Aveyron, France, was commenced in the eighth cen- 
tury. The lower part of the building was finished 
| three or four centuries later, but the upper part was 
| finished toward the close of the last century. All the 
mouldings of the lower part are as sharp to-day as the 
| day they were cut, while the upper part is a ruin. 

The stones of the lower part were selected while build- 
ing was done by a religious fraternity with great care. 





|The upper part was done with less care, and stones | 


liable to decomposition were used. 
The limestones may be divided into those which are 
essentially composed of carbonate of lime, the dolo- 
mites, which are carbonate of lime and magnesia, and 
'a mixture of the two. Limestones themselves or dolo- 
mites thenselves are not very easily affected, but when 
| there is a mixture of the two, the limestone is very apt 
| to be dissolved out, leaving the dolomite behind. If, 
as in the case of the quarries in Lee, Berkshire County, 
| Mass., the two are about equally divided, the limestone 
| is frequently dissolved out, leaving the small dolomite 
crystals as sand. 

The investigations made of the stones used by Trinity 
Church, on the building itself, showed that the decom- 
| position is at a maximum at or near the foundations, 
| and continues as such to the height of about ten or fif- 
| teen feet, but it shows itself mostly at or about the 
| water-table ; that it then gradually diminishes, until 

at about sixty or seventy feet the action is very much 
diminished, and above one hundred feet no decomposi- 
tion whatever has taken place, and the stone is harder 
than it originally was. The explanation of this 
decomposition is at first sight not very clear, but it is 


which are flat, and on which the water will stand and 
through which it will sometimes pass, the decomposi- 
tion is always prominent. j 


»ack upon the under surface, or wherever they do not 
project sufficiently to prevent their pouring or drop- 
ping upon the stones below, there the decomposition 
is the greatest. Wherever the stone is thin, so that the 
water will filter through it, the stone has crumbled 
entirely. This action is owing to the fact that city 
gases contain a very much larger amount of acid, not- 
ably carbonic and some sulphuric acid, than ordinary 
country air, which are dissolved in the water and 
attack the stone. As these gases are more confined in 
cities than they are in the country, the lower part of 
buildings is most attacked ; but where they have the 
opportunity (as higher up) to be diluted in an excess of 
air, there the action is only very slight. Carbonate of 
lime is very soluble in water containing carbonic acid 
in solution, and as this is by far the largest ingredient 
of the impurities of city gases, in the long run it will 
| dissolve out the cement. The way to prevent it is to 
| in some way water-proof the stones so as to prevent the 
| action of the air. This should be done at the founda- 
| tions by preventing the creeping of the water from the 
|ground through the stone by putting a layer of 
| asphalt above the foundation stone, and then by pro- 
| tecting the stone itself by some means. The experi- 
ence in the Houses of Parliament in England has 
| been that unless the stone is protected upon all its 
sides, most of the materials which have been used are 
| of little or no use. A careful examination showed that 
| the decomposition went on upon the outside, and that 
| the flaking continued with every application made, 
except in the single case where sulphur in solution was 
applied to the stone, and this, after a lapse of over 
twenty years, has just commenced to flake, 
In the case of the limestones a noticeable decomposi- 
tion is that of a marble tombstone beside the w- 
rence Monument on the south side of Trinity chureh- 
| yard, the upper slab of which was originally highly 
| polished. The carbonate of lime has been dissolved 
out so as to leave the upper face entirely rough, dolo- 
|mite crystals being quite ‘prominent, so that no one 
would suspect that the stone had been polished. 
I say nothing of those stones which include minerals 
liable to decomposition in the air. These, of course, 
| furnish the disintegrating material for the attack upon 
| the stone. 
There is another cause of decay to which little atten- 
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noticed that wherever there are projecting surfaces | 








Wherever these projecting | 
eae are not undercut, so that the water will run| 





* Abstract of a paper read before the Deer Park, Md., meeting of the 
American Society of Civil Engineers, 1885. 


tion is paid, and that is the abrasion of stones from the 
outside caused by the action of the wind carrying the 
dust against them. The destruction caused by this 
effect is much greater than it would at first sight 
appear, and in order to ascertain how far it might act, 
1 made a number of experiments, hurling a sand-blast 
ainst stones of different textures at a high velocity, 
The result was that no stone would stand for an 
length of time against the blast, and even an appreci- 
able weight of diamond was worn away by it in less 
than ten minutes. The examination of the city dust 
shows it to be made up of a large number of materials, 
including sharp quartz sand, a considerable amount of 
iron, and other materials which are softer, but which 
have a very considerable abrasive power. In many of 
the churchyards this abrasive power can be seen where 
the inscriptions on the stones are placed in the direc- 
tion of the prevailing wind, in which case many of 
them are worn very nearly smooth from this cause 
alone, there being no other cause for deterioration. 

Slate is a material which is rarely used for building, 
but which answers for certain purposes very well when 
placed in its quarry bed. When placed in a vertical 
position it is very apt to laminate, but it also fre- 
quently undergoes a decomposition by which it is 
reduced almost to a clay. This kind of destruction 
cannot be prevented, but its maximum effect is con- 
fined toa very short distance above ground. Experi- 
ments made upon the decomposition of stone since the 
year 1861 have shown, however, that other varieties of 
stone may be entirely protected by some kind of water- 
proofing, which, after a building is constructed, can 
only be applied to the external surface. 

There is no necessity for the decomposition of brown 
stone if the material is carefully selected. Every 
building that I have ever examined contains some 
stones that would last indefinitely; and if from the 
quarry only those were selected which had a silicious 
cement, there would be no necessity for water-proofing, 
and we should not have the rapid destruction in beau- 
tiful structures which is so common in countries where 
sandstones are used. The same kind of external water- 
proofing must also be done upon dolomite and lime- 
stone, but efforts in this direction have been less suc- 
cessful than upon sandstones, 

Many methods for the prevention of disintegration 
have been tried with little success. To secure the 
water-proofing of the stone, paraffin would be a good 
material, but it cannot be made to enter the stone 
without the use of a greater heat than would be possi- 
ble without injury to the stone. The best material for 
the purpose is boiled linseed oil. If stones could be 
dipped in boiled linseed oil, they would not decay, 
because water could then attack them from no diree- 
tion. 








A METHOD OF FILTRATION BY MEANS OF 
EASILY SOLUBLE AND EASILY VOLATILE 
FILTERS. 

By F. A. Goocu. 


THE processes of analysisin which it is desirable to 
redissolve precipitates from the filter after washing, or 
to separate a mixed precipitate into parts by the action 
of soy apn solvents, are many. 

When a complete solution is the object, and the pre- 
cipitate yields easily to solvents which do not affect 
paper injuriously, the use of the ordinary filter offers 
no difficulty. When, however, precipitates are to be 
treated with reagents which disintegrate paper filters, 
the case is otherwise; and the attempt to remove, by 
solvents, any individual part of a mixed heterogeneous 
mass upon a filter is always an uncertain matter. As 
examples of cases of this sort, difficult to deal with, we 
may take the solution of acid sodic titanate in strong 
hydrochloric acid; or the purification of baric sulphate 
from included salts by digestion in strong hydrochloric 
acid; or the separation of sulphides which are soluble 
from those which are insoluble in alkaline sulphides; 
or the washing out of free sulphur from precipitated 
sulphides by means of carbon disulphide; or the sep- 
aration of calcic and baric sulphates by the action of 
sodium hyposulphite. In cases of this nature, it is 
often convenient to make use of the asbestos filter, 
which I have previously desecribed;* but this some- 
times has its disadvantages. Thus, to recur to the ex- 
amples just cited, acid sodium titanate may be filtered 
and washed upon an asbestos filter, and felt and pre- 
cipitate treated together with hydrochloric acid, but 
it will be impossible to determine when solution is 
effected, because of the floating asbestos; and in separat- 
ing the sulphides, it would be necessary to know the 
weight of the asbestos felt, since it must be weighed 
finally with the insoluble sulphide, unless removed by 
a special treatment which involves the solution, filtra- 
tion, and reprecipitation of the latter. 

It is to meet cases like these that I have sought a filter 
which, in the reversal of the ordinary mode of separat- 
ing filter and precipitate, should dissolve easily in solv- 
ents which do not affect the ordinary precipitates met 
with in analysis. The material which seems best suited 
to the case—light and fluffy, capable of making secure 
filters of any desirable degree of porosity, sufficiently 
insoluble in water and aqueous solution of salts, alka- 
lies, and acids (excepting strong sulphuric, strong nitric, 
and glacial acetic acids), easily soluble in naphtha, 
benzol, carbon disulphide, ether, boiling alcohol, and 
essential oils, and not too costly—is anthracene, 

The mode of preparing and using the filter is simple. 
Anthracene is dightly moistened with alcohol to make 
it miscible with water, diluted to the right consistency, 
and applied to the same apparatus, and in the same 
way, as the emulsion of eahestes which is employed in 
making asbestos felts. That is to say,enough of the 
emulsion in water to form a layer of the proper thick- 
ness is poured into a perforated crucible, which is held 
tightly in a packing of rubber tubing stretched over a 
funnel fitted in the usual manner to a vacuum flask or 
receiver. After washing with water, the filter is ready 
for use. Ifthe felt happens to be too coarse for the 
use of the moment, it may be made as close as need be 
by coating the felt first deposited with a finer emulsion, 
made by dissolving anthracene in hot alcohol and pre- 
cipitating with water. When voluminous precipitates 
are to be filtered, the large perforated cone described 
in the former paper, to which I have referred, my be 
substituted with advantage for the crucible, or Cooke's 





* Am. Chem. Journal, i., 287. 
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improved form * of Carmichael’s process of reverse fil- 
tration may prove most useful. In using the cone it is 
well to apply the anthracene in a thick layer 

To remove the anthracene filter from a precipitate, 
it is only necessary to act with the proper solvent. It 
is usually convenient to stand the crucible containing | 
precipitate and felt ina small beaker, add enough of 
the solvent, and gently warm until the anthracene dis- 
solves. On the addition of water, or the reagent to} 
work upon the precipitate, the solution of anthracene | 
floats, and nothing remains to obstruct or obscure the 
action. If the precipitate dissolves entirely, the solu- 
tion of anthracene may be separated from the aqueous 
solution by simply pouring the fluid upon a filter 
previously moistened with water, when the solution in 
water runs through, and the anthracene and its solv 
ent remain, and may be washed indefinitely with 
water. 

If, on the other hand, the case is one of the division 
of precipitates, the anthracene and its solvent may be 
inade to pass the filter, after the water has run through, 
by adding a little aleohol to overcome the repulsion 
between the solution and water which fills the pores of 
the filter, the precipitate which stays behind being 
washed first with a solvent of anthracene, and then, if 
necessary, with alcohol followed by water; or, if the 
vacuum filter be used (either paper or asbestos, accord 
ing to the circumstances of the case), both liquids leave 
the precipitate and traverse the filter together. 

In general | prefer benzol as the solvent for anthra- 
cene, but some advantage may be gained in special 
cases by a proper choice of solvents. Thus, in remov 
ing intermixed sulphur from precipitated sulphides, 
both the anthracene and the sulphur may be dissolved 
in carbon disulphide in a single operation 

The ready volatility of anthracene, at a temperature 
very near its melting point—213° C —makes it easily 
separable in cases when toremove it by a solvent 
not advisable. The treatment of a solution of anthra 
cene, for example, with strong sulphuric or nitric acid 
is apt to produce carbonaceous or guminy residues. In 
such cases it is well either to heat precipitate and filter 
directly, or to first remove them from the crucible by 
means of a solvent for anthracene, then evaporate this, 
and raise the heat gently until the anthracene has van 
ished. The purification of precipitated baric sulphate, 
by dissolving it in hot, strong sulphuric acid, and 
reprecipitating by dilution, is a case in point, and one, 
too, in which the reversed filter may be used with great 
advantage. It may be remarked, in passing, that if 
one does not happen to possess a platinum rose, and 
does happen to have at disposal a perforated crucible, | 
a very fair reversed filter may be improvised of the 
crucible, a piece of glass tubing, and a rubber stopper, 
the last being fitted to the crucible, and the tube passed 
through nearly to the perforated bottom. 

At every pointin the preparation and of the 
anthracene filter [| have found the manipulation 
peculiarly easy.—Amer. Chem. Journal. 
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THE MONUMENT TO PHILIPP REIS, THE 
INVENTOR OF THE TELEPHONE. 


LONG before Mr. Silvanus Thompson had published 
his remarkable work entitled “Philipp Reis, the Invent 
or of the Telephone,” and called the attention of the 
entire world toa question of priority that up till then 
had been left in the background, public opinion was 
already well enlightened upon this subject throughout 
all Germany, and especially at Frankfort-on-the-Main, 
the ancient free city in which the largest number of 
learned societies are found, and where among the more 
prominent citizens the most highly developed scien 
tific aspirations are met with It is a universally 
known fact that as long ago 1861 Philipp Reis, a 
schoolmaster, and originally of Gelnhausen, near the 


a8 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 513. 





above-named city, constructed a telephone that oper- 
ated by means of electric currents. This apparatus 
not only allowed of musical sounds being transmitted, 
and of being reproduced at a distant point, but also 
of transmitting articulate sounds (that human 
speech) very clearly. 


is, 


\ eh 
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I have already had occasion to! placed at the transmitting station, 
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Giessen in 1864 in the presence of Reis, Dr. Buff 

fessor of physics in this locality, and a few other os 
sons, and in which it was found possible to very clean 
and distinetly hear words and phrases that were tennis 
mitted by the Reis telephone. A boy and a girl were 
and it was found 
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Fia. 3.—PHILIPP REIS. 


offer some proofs in support of this belief in a letter 
which I addressed to La Lumiere Hlectrique under the 
date of May 5, 1885. The inauguration of the monu- 
ment erected to the memory of Reis on the 23d of last 
August brought together a large number of persons, 
who, having had an opportunity of making use of the 
Reis telephone, can now add their testimony to mine, 
and put beyond question the possibility of reproduc- 
ing speech with the apparatus under consideration. 
Thus, Dr. C. Bohn, professor of physies at Aschoffen- 


possible at the receiving station to clearly distinguish, 
not only the words pronounced, but also the quality 
of the voice, so that it was known beyond a shadow of 
a doubt which of the two children was talking through 
the telephone. Every one knows that in the present 
microphones the important point for hearing well is 
that the transmitting microphone shall be very care- 
fully regulated, and this applies in the case of the Reis 
instrument. Many persons who have occupied them- 
selves with the Reis telephone, or who are still trying 


* Proceedings of the American Academy, xii., 124. ‘burg, recalls very well an experiment performed at!to make it work, have not been able to succeed in 











Fig. 1.—HOUSE IN WHICH REIS WAS BORN, Fie. 2.- MONUMENT TO THE MEMORY OF REIS. 
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transmitting articulate words, for the sole reason that | 


they know not how to regulate the apparatus gen 


* this being a very delicate operation, since Reis himse 


who ought to have thoroughly known his apparatus, 


often unsuccessful in it. However this may be, | him is being paid 


and without in any way endeavoring to diminish the 





On the i4thof January, 1874, at 5o’clock in the pooaties with an inlet for cold air and an outlet for 
afternoon, death put an end to his sufferings. Eleven | heated air, the parts being preferably so arranged that 
—_ have elapsed, and now to-day a monument is|the only _ for the air through the apparatus is 

ing erected to him, and the debt of gratitude due} by the aforesaid holes or passages containing the heat- 
: ing coils or wires, or their equivalents. The said coils 
On the 23d of last August the societies, corporations, | are so held or supported by their position in the perfora- 


of Prof. Bell and Hughes, who were the first to/| and delegates that had been invited to be present at | tions or interstices of the fire clay or other material, that 
ive the telephone and microphoue a really practical | the inauguration solemnities united at half past eleven | sagging of the said wires and destructive short circuit- 


orm, W 


peyond any doubt the fact that Philipp Reis has the | once was the residence of Frederic Barberousse, and 


riority in the invention of the telephone, and that he 
was the first toconstruct one that permitted of send- 
ing, by means of an electrio current, sounds and articu- 
late words to a relativel y great distance. 

Under such circumstances it is very natural that the 
inhabitants of the city of Gelnhausen, where Reis was 


porn, should have decided to erect a monument to him | of a Consul Becker then took the stand, v M c 
yn the market-place, in order to honor his memory | anc 


1 . a 
4 to testify to future generations that it is to a mod- 


the most wonderful inventions of modern times. 

At the head of those who took most interest in the 
erection of this monument, and who most obligingly 
put the necessary resources at the city’s disposal, must 
he cited a man who is known for his love of the arts— 
an honored citizen of the place, Consul C. Becker. | 
This gentieman, an old director of the house of Becker | 
& Fould, at Ainsterdam, and representing the house of 
Rothschild for Holland and the colonies, enjoys in the | 
business world a reputation that may be called univer- | 
sal. The monument, which faithfully reproduces the | 
expressive countenance of Reis, in the work of the| 
sculptor Antoine C. Rumpf, of Frankfort-on-the-Main, 
and does the artist the greatest honor. 

Philipp Reis was born Jan. 7, 1834, in the city of Geln- 
hausen, Which is celebrated as much for its monu-| 
mental structure that Barberousse erected there as for 
its two pointed spires that lean toward one another. 
He was the son of a cultivator and baker of the little 
city, and, losing his mother at an early age, was 
brought up under the care of his grandmother. His 
relatives soon recognized the fact that he possessed a 
yery bright intelligence, and so sent him to Garnier’s | 
school at Friedrichsdorf near Hamburg. Here he re-| 
mained from the age of 11 to 14, and then entered a 
college at Frankfort on-the-Main in order to continue 
his studies. It is here that he revealed his taste for} 
the exact sciences, and to such a point that his profess- 
ors advised him to enter the Carlsruhe polytechnic 
school. Nevertheless, at the instance of his uncle, he 
decided to embrace a commercial career, and so, on the 
ist of May, 1850, began his apprenticeship in a color 
store. He was then 16 years of age. During the course 





est schoolmaster that is due the first glory of one of | ment was to be.naugurated was the author of an in- Cc 


ve may, from what precedes, put once for all|in the morning at the Gelnhausen city hall, where | ing is prevented. 


The fire clay or other suitable material may be in a 
the majestic ruins of which are still to be seen. From 


thence a long, brilliant cortege marched toward the Fic.2. 

city market, situated at a certain distance. Here the é 
principal members of the assemblage took their places vd /- 
upon a platform, where, as a prelude to the inaugura- : d 
tion ceremonies, a chorus was sung by a large number ~ ’ 





summed up in a lofty style the life and labors of 
Reis. He recalled the fact that the man whose monu- dd 
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of his apprenticeship the taste that he had manifested | Behind it stands the well known church of Barbe- 
for science became all the stronger. He employed his | rousse. Reis’s monument constitutes, after a manner, a 
spare time in studying chemistry and mathematics, | transition between ancient German civilization and the 
and the lectures on the natural sciences that he/| international science of modern times, and encourages 





attended at the Frankfort School of Commerce at the | us to hope that his invention will prove an introduc- 
same time increased his store of knowledge. ee tion to a general fraternity of all peoples.—7h. Stein, 
when his apprenticeship was ended, he definitely | in La Lumiere Electrique. 


renounced a commercial career, and went as a pupil to 
Dr. Poppe, with the firm intention of preparing for a | 
professorship. Up to 1855 he was actively oceupied in | 
the pursuit of this object. He devoted himself chiefly 
to the study of the physical and mathematical sciences, 
and found a powerful encouragement in the Physical 
Society of Frankfort-on-the-Main, of which he was a 
member from 1851. In 1855 he was forced to interrupt 
his studies to go to Cassel, to satisfy the exigencies of 
the military service ; but as soon as his time expired 
he set himself at work again, and finally, toward 
autumn of the year 1858, returned with the title of | 
professor to the school where he had begun, that is to! 
say, Garnier’s. 

At this epoch, or at least at the beginning of the year 
1859, Reis was already busy with the problem of trans- ; 
mitting sounds by means of the electric current, and to | 
this end was very carefully studying acoustics and the} 
mechanism of hearing of the ear. It seems that the| 
following year his efforts had already been crowned | 
with success, for he tells us, in the course of a few bio- 
graphical notes that he has left, that in 1860 he suc- 
ceeded, by means of an electric current, in transmitting 
words to quite great distances. The modest school- 
master’s invention was destined to have a wider range 
than was thought in the beginning. 

It may even be asserted that although Reis did not 
clearly perceive the wonderful results that were to fol- 
low his invention, heat least very certainly had an ink- 
ling of them. As a proof of this, it will suffice to recall 
the fact that during the last year of his life he said to 
Mr. Garnier that he had directed the human mind to- 
ward a great invention, and that he had shown the 
road to it, but that he found himself obliged to allow 
to others the responsibility of going further. It was, 
in fact, impossible for the humble schoolmaster, with 
the plaything that he possessed, to see his way clear. 
If Reis had had a wider knowledge in physics, he would 
perhaps have succeeded, by means of repeated experi- 
ments, in developing his apparatus, and in learning its 
practical value, that is to say, had he himself pursued 
the path that others following in his footsteps were 
called upon to pass over. This man, already ill, was, 
moreover, obliged to undergo painful rebuffs. Thus, 
in 1862, Poggendorf, treating the transmission of speech 
by electricity as a myth, returned to Reis a description 
of his apparatus that he had intended for the Annales. 

is presented his apparatus to the Physical Society of 
Geneva, having in the mean time exhibted it several 
umes in public, notably at the Physical Society of 
Frankfort-on-the-Main, and it was now Poggendorf’s 
turn to ask him for a description of it for the Annales. 

is answered him, ‘‘ I thank you infinitely, Professor, 
but it is too late. It is J who to-day refuse you the 
discription. My apparatus will become known with- 
out the necessity of describing it in the Annales.” In 
= month of November, 1873, illness came to lay him 
OW again after an apparent cure which, in the fall of | 
the same year, had allowed him to take up his work | 
‘gain and resume his functions. The bust that now | 
Stands in the square at Gelnhausen is a faithful repro-| 
duction of the man’s features. His whole character is | 
jetlected in these underscored words in the course of | 
is biographical notes: 
hen I cast a glance at my past, I can certainly | 

th with Christ, ‘I see only work and care;’ but 
a the Lord, who has blessed me in my effort and 
‘ Yfamily, and who has given me more good things 
the I have asked for. The Lord has lent me his aid in | 
Past, and he will lend it to me again in the fature.” 
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vention that was of value from the services that it was - 
already rendering to the present generation, and the 
consequences of which would be still more felt from 
day to day. ») 
Then, after unveiling the bust, Mr. Becker, in the 
name of the committee, placed it in the hands of the ec , ce 
city authorities. Mr. Schoeffer, the burgomaster, then | erieg of slabs, with the holes or passages and coils, or 
thanked the oe and = cee see the | heating wires or their equivalents, so arranged therein 
a for the patriotic wey “Reis at “J a nat that when the slabs are placed together the said holes 
ee ees —— sc net en ae a or passages furim shafts (of a length in accordance with 
ane very ¢ I » Since IC) the number and thickness of the slabs used) through 
was equally precious as regards the glory of the city) which the air to be heated passes, By adding or re- 
and the history of science. ss , moving slabs, or by altering the size of wire, more or less 
_Dr. Stein, vice-president of the Electro-technical | resistance may be obtained, so that the arrangement 
Society of Frankfort-on-the-Main, afterward had a few | can be rendered suitable for any required electromo- 
pos cent geen hi ‘cia hn a el woe = |tive force, and so that the degree of heat may be regu- 
em “ % " . " . 4 * 
in the name of the society deposited a crown of laarel lated. The terminals of the wires or conductors for 
before the bust. Then it became the turn of Mr. 
William Schoeffer to express the joy that he felt that 
his native city could count such a man as Reis among 
the number of her children. 
Finally, Reis’s only son came forward to thank, ina 
few words full of emotion, all those who had aided in 
the work, and had thus honored the memory of his 
father. The ceremonies closed with an anthem. 
The monument, a general view of which is given in 
Fig. 2, consists of a bust resting upon a granite base. 
The whole is placed above a stream of water which 
issues from a mass of rocks. The building seen in the 
background is called the Roman House. It is a monu- 
ment which has been recently brought to light, and : : 
which dates from the time of Frederic Barberousse. | the heating current will be so arranged and connected 
to the external leads that the requisite circuit or cir- 
cuits is or are established through the heating arrange- 
nents. 

By the means above indicated a continuous current 
of fresh air from the exterior of any apartment or 
closed space may be warmed up to any convenient de- 
gree of temperature and supplied to the interior of the 

| said apartment or space, thus effecting also ventilation 
2 of the said apartment or space. 
AN ELECTRICAL STOVE. | Such an ssonmmunan for heating is also very suitable 
By JoHN ScuDAMORE SELLON, of Hatton Garden, | @0d applicable to the apparatus known as a “ ther- 
England. 
My invention has for its object to provide apparatus 
whereby the heating of apartments, railway carriages, 
ships’ cabins, or the like can be conveniently effected 
by electricity, the said apparatus being so constructed 
or arranged that the maximum heating effect is ob- 






















mostatic nurse” for infants, or for chicken incubators, 
| as the heat can be readily adjusted and regulated to an 
|absolute and constant nicety for any desired period of 
| time, or can also be conveniently adapted to serve as a 
bed warmer or for the application of warmth to invalids, 
the heat being with facility turned on or off at any 














| moment. 
Apparatus constructed as described may be employ- 
ed for heating purposes generally ; for example, it may 
|be used to heat reservoirs or holders of water, or of 
J at chemical salts, such for instance as may be used for foot 
RL - Ce aoe warmers for railways. 
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tained and danger o- injury to the apparatus is obvi-| The accompanying drawing represents apparatus 
ated. arranged according to my invention. Fig. 1 is an isome- 

I take fire clay, plumbago, tiles, porous earthenware, | trical view of a heating and ventilating stove contain- 
or other suitable material, perforated with a series of | ing perforated slabs of clay, plumbago, or equivalent 





| holes or passages, or suitable cells, or interstices, or so | material, with coils of wire in each perforation, through 


arranged as to give the equivalents thereof, and into| which coils the electric current is passed. Fig. 2 isa 
the holes, passages, or openings thus formed the cir-| plan of one of the slabs separately. Fig. 3 is a vertical 
cuit wires or their equivalents are led, which wires are | section of a number of slabs superposed. Fig. 4 is an 
preferably coiled or twisted into a number of convolu-| isometrical view of a foot warmer constructed accord- 
tions or the like. The said fire clay or other material | ing to my invention. Figs. 5and 6 are respectively 
may be mounted in a casing or stove, either closed or longitudinal and transverse sections of the same. 
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Referring to Figs. 1, 2, and 3, A represents a casing 
(which may be of any suitable shape) provided with an 
inlet for cold air at @, and an outlet for warm airat a’ 
The inlet, @, may open to the outer air and be provided 
with a valve, a’, for regulating the admission of air 
[t is also provided with terminal screws, }, to which 
the wires, 5’, from the source of electricity are connect- 
ed. a‘are brackets or supports upon which rest slabs, 
C, of clay, plumbago, or like material, having therein 
perforations, ¢, forming, when the slabs are placed 
together, passages for the air from the inlet to the out 
let 

In each of the perforations, ¢, is contained a coil of 
wire, d, each coil forming a part of the electrical cir 
euit, owing to all the coils of all the slabs being connect 
ed up in one continuous line connected at one end to 
one of the terminals, b, and at the other end to the 
other of the said terminals. The slabs fit the casing, A, 
so that the air passes from the inlet to the outlet by 
way of the perforations, c, and in its passage it takes 
up heat, which is developed when an electric current 
is passed through the coils, d. The foot warmer, shown 
in Figs. 4, 


5, and 6, is provided with slabs as in the 


FiCc.6. 











arrangement Fig. 1. If a circulation of air be required, 
it may be effected by placing plates, e, so as to form 
passages to the under side of the series of slabs, through 
which passages air passes by the inlets, /, thence passing 
through the perforations in the slabs, from whence it 
escapes by the outlet orifices, g, a passage to which 
may be formed by the plates, 2. Between the plates, 
e and #, may be plates, 7, forming the sides of the 
receptacle for keeping the slabs in place, the said slabs 
being supported upon the side pieces, /j. IL may of 
course use any form, size, and number of slabs made of 
any suitable material and with any suitable number 
and arrangement of perforations and coils or resistances 
therein, and [ may make the connections for the electric 
eurrent such that slabs may be added or taken away as 
may be required. 








OF PIGMENTS.* 
M. THOMPSON. 


CHEMISTRY 
By Prof. J. 


Ir would be impossible, in the time at my disposal, 
to treat of every coloring material at present employed, 
even were | to devote myself solely to the consideration 
of such pigments as are used by artists in the finer de- 
partments of painting. I propose, therefore, in the 
two lectures I am about to give, to take into considera 
tion, first, some points with regard to the relation of 
color to the composition of the substances possessing 
these different colors; and, secondly, to pass under re- 
view some of the properties of the more common pig- 
ments, arranging them in the following classes, namely: 
(1) whites, (2) reds, (3) yellows, (4) greens, (5) blues. 

With regard to the first question, namely, the rela- 
tion of color to composition, it will be found that, on 
examining the majority of substances which evince 
the property of color, they may roughly be divided into 
two large classes—those substances which change their 
color under the application of heat or other cireum- 
stance, but retain still the same chemical composition 
after this change of color has taken place as they origi- 
nally possessed; and those substances which in chang- 
ing their colors also change their composition. In- 
stances of the first class are to be found in the ordinary 
red pigment vermilion, the change of color of which I 
can readily show you on the lecture table. In this 
boiling-tube | have formed from a salt of mercury the 
black variety of mercury sulphide (Hg), by precipita- 
tion with a polysulphide of ammonium, At first, as you 
see, the precipitate formed is black; but now, on boil- 
ing the contents of the tube for some time with an 
excess of the polysulphide, we find the color changed 
into a red color, comparable, to a certain extent, with 
the rich color of ordinary vermilion. 

A similar instance of change of color without change 
of composition may be evinced to you in the case of 
another mereury salt, namely, the iodide of mercury, 
a body possessing, like one variety of the sulphide, a 
brilliant red color. I have here a sheet of paper spread 
with a small quantity of the red iodide; on gently 
warming this over the large burner, you see that it at 
once changes into a yellow color; this is the yellow 
variety of mereury iodide, and, so far as its chemical 
composition is concerned, is the same as the red body, 
viz., Hel On drawing, however, a cross or line across 
this substance on the sheet of paper, and exercising 
some pressure upon it, you will at once perceive 
that the yellow variety is changed back into the red 
wherever the pressure has been exercised. This change 
of color, as many of you are aware, is probably due to 
a change in the crystalline form of the substance, but 
notin its chemical composition. Several other sub- 
stances might be taken as instancing the same kind of 
phenomena, but I think that those cases which I have 
shown you are sufficient to illustrate that, in many 
cases, the color of the substance is quite independent 
of the composition, substances having an identical 
chemical composition undergoing under different cir- 
cumstances a change in color. 

A large number of instances, however, may be found 
in the case of substances in which the change of color 
is found to be invariably accompanied by a change of 
composition. Instances of this kind may be seen in 
almost every class of colored bodies that we are ac- 

*A lecture by J. M. Thomson, F.R.S.E., F.C.S., Demonsirator of 


Chemistry at King’s College, delivered before the Society of Arts, and 
published in the Journal of the Society. 
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quainted with, and are especially to be remarked 
among colored metallic salts which contain differing 
quantities of water in their composition. The changes 
such bodies undergo in their color have been the sub- 
ject of many investigations, the later ones carried out 
by Dr. J. H. Gladstone and Professors Hartley and 
Russell, who have examined very fully the spectra given 
by solutions of these salts under different conditions of 
hydration. 

As instances of changes of this nature, we have the 
alteration in color which accompanies the heating of 
the blue crystals of copper sulphate. Here we have 


some crystals of this body contained in the retort be- | 


fore us, and which, at the present time. may be repre- 
sented by the chemical formula, CuSO,5H.O; when the 
temperature rises, a certain quantity of the water they 
contain is driven off, the materia! in the retort becom- 
ing converted into the body, CuSO, H.O; and, finally, 
if the temperature rises sufficiently high, into the sub- 
stance, CuSO,, or the anhydrous sulphate. At the 
same time, however, you will see, as the substance 
changes its composition, it also loses its bright blue 
color and distinet crystalline form. That the color of 
the body is, however, somewhat closely related to its 
composition, so far as the water is concerned, may be 
shown by adding water to the already decolorized body, 
when the blue color is restored, but not the crystalline 
form. 


SUBSTANCES VARYING IN COLOR, WITH THEIR STATE OF HYDRATION, 


Compounds produced at 1,000° C, 


invdrous 
Anhydrou from Ordinary Crystals. 


| . e = 
facture. Large gratings of metallic lead are prepared: 
| these being piled or placed in earthen pots, are sub, 
jected to the action of the vapors of acetic acid 
duced from vinegar placed in suitable vessels, At the 
same time, carbon dioxide gas is evolved from ctene 
material, such as spent tan. Under the influence " 
heat, the acetic acid volatilizes, forming on the surface 
of the lead a coating of basic lead acetate, which is de. 
composed in turn by the carbon dioxide, becoming eon. 
verted into lead carbonate and neutral acetate of lead. 
this latter, however, becomes rapidly reconverted by 
the oxygen of the air and a fresh portion of netallie 
lead into the basie acetate, which is again converted 
into fresh carbonate by an additional quantity of car: 
bon dioxide. These reactions recurring a great number 
of times gradually convert the bars of lead almost en- 
tirely into the mixture constituting the paint. This 
method is generally termed the Dutch method, and jg 
largely carried out in Holland at the present time. 

The manufacture of this paint was apparently 
known to the ancients, having been practiced at 
Rhodes, at Corinth, and in Lacedemonia, afterward 
passing to the Arabs, and successively to Venice, Hol- 
land, England, and France. 

The pigment sold in commerce is often adulterated 
and should be examined for the sulphates of lead’ 
barium, and caleium, and also for calcium carbonate. 
For this purpose the oil with which the paint may be 
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Color of Solution, 
Ordinary Crystals. . 


Dilute, 





CuChLH.O 
CuBro,H.O, dark brown.. 


CuCh, yellow 
CuBr., black and lustrous... 





| 


CoCl,, lavender, blue when 

hot. .. CoCh,2H.O, purple, blue 

ee aid 

CoBry., vivid green..... .. CoBr.,2H.O, purple, blue 
when hot iss 

Col. lustrous intense 


black... Coly,2H20, moss green 


aaa (NiBr:,H,O 9, dark red....| 
intense 
. (Nil,,2H.O%), dark ats 


NiBr., yellow 
Nil., lustrous 
black 


By far the most interesting cases with regard to such 
changes of color are to be found in certain of the salts 
of the metals nickel, cobalt, and copper; and in the ac- 
companying table, taken from a lecture of Prof. Hart- 
ley’s at the Royal Institution, you will see given the 
composition of some of these bodies, and the colors 
they give under the varying conditions. 

Perhaps one of the most interesting salts to observe 
in this particular direction is cobalt iodide, an ex- 
amination of which has shown that there are two dis- 
tinct crystalline hydrates, the one formed at high 
temperatures having the formula Col,2H,.O, and pos- 
sessing a green color, and another, formed at a lower 
temperature, containing a much larger quantity of 
water, Col,.,6H.O, having a brownish red color. 

The formation of the dihydrate and the anhydrous 
black compound may be well shown by smearing, as I 
have already done, the bottom of this porcelain dish 
with a small quantity of the cobalt iodide, and gently 
heating over a Bunsen burner. You perceive immedi- 
ately the almost colorless dish gradually showing a 
dark spot where the flame of the burner touches it; and 
as the heat increases, this spot becomes quite black, at 
the same time it appears surrounded with a ring of 
green color, outside of which you may see a second 
ring of a yellow color, this finally passing into one of a 
rose pink, the substance of which these rings are com- 
posed being the different hydrates of the cobalt iodide. 

The formation of different hydrates of the same salt, 
each possessing its characteristic color, may be seen to 
very great advantage when we employ a mixture of the 
two salts, the bromide and iodide of cobalt. Thus, by 
painting a sketch of foliage and water with these two 
salts, ashas been done for us here before lecture, and 
gently warming from time to time, most beautiful 
changes may be produced. At first it has the appear- 


ance of a warm sepia drawing, giving to the foliage a 
rich autumnal tint. On warming, however, the blue 


of the sky and water and the exquisite green tint of 
summer foliage gradually appear, and by varying the 
quantity of cobalt iodide, colors varying between the 
delicate green of springtime and the full richness of 
summer may be produced. On removing now the pic- 
ture from the source of heat, the atmospheric moisture 
reforms the original hexahydrated salts, and the bril- 
liant colors gradually fade as the picture cools. In 
this case the stems of the trees have been painted with 
a small quantity of nickel bromide, which gives them, 
upon heating, a rich brown tint, contrasting very well 
with the green of the foliage. 

-assing now to the treatment of the special pigments 
which it is my wish to put before you, it is my intention 
to take instances from the different groups which I 
have already mentioned, and to take them into consid- 
eration in the order there given. 

By far the most important of the white pigments is 
the one which is called ‘‘ white lead,” and which is 
essentially a mixture of the carbonate and hydrated 
oxide of lead in varying proportions. The preparation 
of a white resembling the body, prepared on the large 
scale, may be here illustrated to you by passing a cur- 
rent of carbon dioxide gas through a solution of 
basic acetate of lead, prepared by dissolving an excess 
of lead oxide in a solution of the normal lead acetate. 
In the apparatus on the table I pass the gas through 
two wash bottles, the first containing a solution of the 
normal acetate, and the second a solution of the basic 
salt, and you perceive that little or no white powder is 
formed in the first bottle, but a dense precipitation 
takes place in the second, consisting of lead carbonate. 
This process was adopted by Thenard in France; but 
the material formed, although pure and brilliant, did 
not possess that body required for painting purposes, 
and is not employed to such an extent as the paint 
prepared by the Dutch method. 

It would take too much time to enter fully into the 
details of the preparation of white lead upon the large 
scale; but as this color is one of great importance, I 
will indicate to you shortly the chemistry of its manu- 


| 
} 
| Strong. 
| 
CuCh,2H.0, blue. . ....|Grass green, .| 
CuBre,5H,0, golden green..; Red brown. .| Blue. 


Blue. 


CoClh,,6H.O, cherry red... | Deep red..... 


CoB.,6H,0O, deep crimson. .| Deep crimson Pink. 


Col,,6H,O, dusky red 
1 WOOD 6 6:65 0s ccvccces sees Drown, |Pink, 
NiBr.,3HOs,, green......... Madder 

brown....-| Apple green, 
Nil,,6H,O, bluish green... .| Yellowish 

brown..... |Apple green. 





| mixed must first be removed by successive extractions 
with benzol, and the powder dried on blotting paper. 
| Pure white lead is soluble in dilate nitric acid, and a 
|sample, when treated with this reagent, should pass 
| entirely into solution, leaving no residue. 
| The chief drawback to all lead pigments, and 
| especially to white lead, is the ease with which they are 
| blackened by noxious gases, such as _ sulphureted 
| hydrogen gas, the sulphur in this gas uniting with the 
|} lead to form the black sulphide. In this jar I have 
some sheets of cardboard freshly covered with some of 
the paint, and you at once perceive the blackening 
action of the gas upon the paint when it is introduced 
}into the chamber. This darkening action may toa cer- 
| tain extent be removed by the action of oxidizing 
jagents, such as hydrogen peroxide, which, acting on 
| the lead sulphide, converts it into the white lead sul- 
| phate. To show you this action, I have here a piece of 
board with across of lead paint already blackened by the 
gas; I now brush this thoroughly with a moderately 
strong solution of the hydrogen peroxide, and you see 
very soon the gradual disappearance of the black sul- 
phide. Many pictures which have become brown or 
colored from the formation of such a coating of sul- 
phide may be gently washed with the peroxide, after 
the varnish has been carefully removed from them; 
this washing converts the lead sulphide into sulphate, 
which may be sponged off from the picture with warm 
water. 

The advantage of white lead as a color depends upon 
the ease with which it may be spread over a large sur- 
face, and the depth of color or so called body whieh 
the coating possesses. This is probably due to a cer 
tain saponification which takes place between the pig- 
ment and the oil with which it is mixed, giving to the 
coating, when first applied, considerable brilliancy. 
This brilliancy is, however, only temporary when the 
color has been applied over one of a darker shade, be- 
cause the fatty acids contained in the oil gradually ex- 
pel the carbonic acid from the paint, forming a clear 
lead soap, through which the deeper color gradually 
appears. 

The next white color I would bring under your 
notice is the ‘‘ zine white,” or zine oxide, which is pro 
duced on the large scale by the combustion of zine 
vapor in air, the oxygen of the air uniting with the 
zine to form the oxide. The production of this body on 
the small scale may be readily shown to you by an ex 
periment which I have here on the table. We have a 
| tassel of zinc foil, tipped with a small wooden mateh, 
which I now light, and plunge the lighted tassel into 
this jar of oxygen, which has been prepared for me. 
You perceive at once how brilliant the combustion 15, 
and after it has ceased we can collect and examine the 
product, which will be found to consist of a white pow- 
der of great brilliancy. 

I will not enter into the details of the manufacture 
of this paint, but proceed to show you in what way t 
differs from the one we have already considered. Whet 
we examine the powder by itself, it seems just 4% 
brilliant, indeed, in some cases, more brilliant, that 
white lead; but when we come to mix and spread the 
color, we find that it does not possess that density 
opacity which belongs to the lead pigment. It has 
however, certain advantages over lead color, which, 2 
many cases, overbalance its want of body, as it is not 
destroyed by noxious gases. The reason of this is that 
the sulphur compound which zine forms is white 
color, as I can readily show you by the following & 
periment. I have in this jar a little zine white dissol¥- 
ed in acid, and the solution diluted with water; I ne¥ 
add some dilute ammonia solution to counteract t 
acid liquid, and you perceive that at first a white P= 
cipitate is formed; this dissolves, however, on the 
tion of slight excess of ammonia, and on passing 80 
sulphureted hydrogen gas through the liquid, we form 
| a white body, the zine sulphide, instead of the DI 
| substance we obtained in the case of the lead pigmel! 

i Advantage has been taken of these properties 2 
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—— 
ufacture of a 
zine White,” which apparently has a brillianecy and 


body equaling the best forms of white lead. This pig- 
.s for its basis zine sulphide, this being accom- 
by some magnesia in its precipitation. The 
mixed precipitate is dried, heated to a suitable tem- 
erature, aud then suddenly cooled. In this jar | have 
Pieced some boards painted with zine white, and you 
a that no blackening action takes place on admitting 
the sulphureted hydrogen gas. 
gine white may be adulterated with the same sub- 
stance already mentioned under white lead. If per- 
fectly pure, the oxide should dissolve entirely in di ute 
sulphuric acid; but if impure, a white residue will be 


ment he 
nied 


Pier white pigments of somewhat lesser importance 
are prepared. Among these may be mentioned * whit- 
ening,” or Spanish white, which is prepared by grind- 
ing & ca 
parium sulphate, manufactured in France on the large 
seale under the name of blane fixe, either by grinding 
native heavy spar, or by precipitating the sulphate 
with sulphuric acid from a solution of barium chloride. 
The pigment so prepared is entirely unacted upon by 
gases containing sulphur, and so undergoes no black- 
ening action; but, like zine white, it does not possess 
the body or covering power which is given by white 
lead. It is, however, employed to a large extent in 


distemper painting, and, as already stated, is used for} 
A very | 


the adulteration of white lead and zine white. 
brilliant white may be obtained from another com- 
pound of barium, namely, barium tungstate, which 
may be prepared by precipitation from a soluble barium 
salt with an alkaline tungstate. I have here a speci- 
men of this white so prepared, and you perceive how 
extremely brilliant the white is. It suffers, however, 
from the same fault as the barium sulphate and zine 
white. and does not seem to have found much favor 
with artists. The metals tin, mercury, antimony, and 


bismuth also yield white pigments, but they possess no | 


advantage over white lead, and are all blackened more 
or less by sulphureted hydrogen gas. 
Red Pigments.—1 pass now to the consideration of 


eertain of these pigments, first, on account of one of | 


the most important of them, namely, red lead, contain- 


ing the metal lead, which we have already found in other | 


pigments; and secondly, because I will consider the re- 
maining colors according to the order in which they 
are arranged in the solar spectrum. 
of an oxide of lead, the chemical formula of which is 
approximately Pb;O,. It is largely used for outdoor 
painting of a coarser kind, but is very little employed 
by artists, as it has no permanency, and is particularly 
easily affected by noxious gases. It is prepared by 


heating ‘‘ litharge.” another oxide of lead, to the re-| 


quired temperature in reverberatory furnaces, great 
eare being taken that the litharge is pure, and the tem- 
perature well regulated, so as to obtain the richest 
color, the presence of other metals greatly deteriorat- 
ing the brilliancy. 

Red lead is probably a mixture of two oxides, PbO 
and Pb,Os;, as we find that treating it with warm nitric 
acid produces at once a change in the color, by dissolv- 
ing out the first or protoxide, and leaving the brown 

roxide. You will perceive this change on the sample 


have in this tube, which rapidly becomes brown on} 


my adding to it a little warm nitric acid. 


Vermilions.—Common Vermilion, Mercury Sulphide; | 


and Antimony Vermilion, Antimony Sulphide.—The 
first of these colors I have already alluded toin the 
commencement of my lecture, in connection with 
change of color without change of cotnposition. We 


have now to consider more particularly its manufac- | 


ture as a pigment. 

The mereury vermilion may be obtained either by the 
sublimation of a black compound of mercury and sul 
phur at a high temperature, or by the wet method, 
which is the one supposed to be adopted by the Chinese 
in the preparation of the peculiarly rich color which 
they obtain. For the first method, the sublimation of 
the black powder, or ‘“ Ethiops,” as it is called, is 
carried out in specially formed earthern pots, heated at 
the bottom, and carefully cooled at the top, so that the 
sublimed sulphide may be deposited on the cooled part 
of the vessel. The best portions of the sublimate are 
then picked out, washed, and crushed forsale. In Idria 
the mercury and sulphur are placed in barrels, which 
are caused to revolve rapidly, until the entire combina- 
tion of the bodies has taken place. This forms the 
black sulphide, which is then placed in iron cylinders 
heated to dull redness, and fitted with earthern covers 
and tubes, in which the red variety is deposited. After 
finely grinding the pigment in water, it is boiled with 
caustic alkali to remove the excess of sulphur, subse- 
quently being washed and dried. 

In the so-called Chinese or moist method, the mer- 


cury and sulphur are ground together, then moistened | 


with a small quantity of caustic potash’; having been 
Well mixed, more solution of caustie potash is added, 
and the whole heated on a’sand bath, with constant 


stirring, the heat being gradually and earefully in- | 


creased, the temperature which seems to yield the best 


results being a little below 50°C. At a certain point | 


the mixture attains its most brilliant color, becoming 


gelatinous in consistency ; the operation is then stop-| 


ped, the vermilion washed with caustic soda and water, 
and finally dried. 
pends chiefly on the management of the temperature 


in the sublimation of the Ethiops, and in the heating | 


of the caustic lye with the mereury and sulphur. 
; Vermilion may be found adulterated with several 
substances, chief among which are brick dust and the 
chromate and peroxide of lead. Samples of the pig- 
ment may be tested for brick dust by simply volatiliz- 
ing some, as I do now, on a piece of porcelain, when the 
figment passes off, leaving the brick dust behind. To 
“etect chromate or peroxide of lead, the pigment should 
*p tigested with hydrochloric acid, when the smell of 
¢ lorine will at once be felt; and should further proof 
lead mired, the mixture may be filtered hot, when the 
~ salt will most probably be deposited in the filtrate, 
we ine. Should vermilion be adulterated only 
cull lead chromate, very often friction ina mortar is 
linen to show its presence, as a deterioration in the 
nilianey of the pigment takes place. 
eunnere seems to be no doubt that vermilion, unless 
ettonally pure, undergoes a change through time, 
tually losing its original bright red color, and be- 
ting converted into a brown. This may be ex- 
when we reflect that the great brilliancy of the 
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native chalk, or precipitating calcium carbonate ; | 


Red lead consists | 


In both operations the success de-| 
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a form of zine white called ‘* Griffith's | color can only be obtained by carrying out its prepara- | exercise a solvent action on the substance. The colors, 


|tion within certain temperatures, and that heating | ofcourse, formed by lead chromate are subject to the 
|}above or cooling below these points does not yield a|same action of sulphureted hydrogen gas as other lead 
| good color, pointing to the fact that the pigment can-| pigments. Processes of reduction also affect the chromes, 
jnot be regarded as a perfectly stable body, but is| giving to them aslight green tint; such a reduction be- 
liable to molecular changes which may take place | ing produced by organic substances with which the color 
| through time or changes of temperature. |}may be mixed. I have here a small quantity of lemon 
| Antimony Vermilion, Antimony Sulphide.—This| chrome, which | mix in this tube with a little strong 
color may be prepared by passing a current of sul-| hydrochloric acid and aleohol, when you perceive that, 
phureted hydrogen gas through a solution of some} on boiling, the color rapidly changes, the chromate be- 
jantimony salt acidulated,with hydrochloric acid, when | ing dissolved, and, finally, the mixture changing toa 
|you see the orange precipitate of antimony sulphide| green color, this reduction being produced by the 
| forming. alcohol. ‘The admixture of other bodies with the chro- 
| ‘Toprepare the precipitate of a good scarlet hue, pure | mate of lead, such as calcium, or lead sulphates, does 
| antimony chloride should be dissolved in water, when | not seem to interfere with the color unless carried to too 
|at ‘first a white precipitate of antimony oxychloride | great an extent, as is donein the case of ‘Cologne 
will be found; on adding a saturated solution of sodium | yellow,” which contains a large admixture of these two 
hyposulphate or calcium hyposulphate to this mixture, “lies. 
however, the precipitate will quickly dissolve; and onj| Before leaving the yellow pigments yielded to us b 
| heating the vessel gently to about 30° C., a precipitate | lead, there is one substance which wight be mentioned, 
will be formed, at first of an orange color, but gradually | from the brillianey of its color, but which is not to be 
changing toa _ brilliant searlet. The best result is ob- | recommended as a durable pigment, that is, the lead 
tained when the temperature is gradually raised to, iodide, This substance is formed by bringing together 
55° C., when the reaction should be finished if a suffi-| solutions of lead nitrate and potassium iodide, when we 
eient quantity of the hyposulphite has been used. | obtain a beautiful canary-colored precipitate of con- 
| After preparation the pigment should be thoroughly | siderable body. This pigment, however, apart from its 
| washed, when it will be found to stand well, and, | decomposition with noxious gases, is easily soluble in 
|already containing sulphur, is not affected by noxious; hot water, becoming converted into a crystalline 
gases. variety, which is deposited in that condition on cooling. 
A red of an extremely brilliant color, named ‘ iodine} Other yellow colors containing lead are found in the 
searlet,” may be obtained from another compound of} pigments formed from massicot (PbO), and in * Tur- 
mercury, namely, the biniodide. Its formation can | ner’s yellow,” which isapparently an oxychloride of lead. 
easily be shown to you on the lecture table by adding} I now come to two aw pigments which are defi- 
together solutions of potassium iodide and mercury | nite in their composition, and in one case permanent in 
bichloride, when a brilliant searlet color is produced | color; these are yellow orpiment, or ‘* King’s yellow,” 
This substance is soluble in excess of either reagent, and | and ‘“‘cadmium yellow,” the first of these being a sul- 
the addition of these must be carefully carried out; the | phide of arsenic, the second sulphide of cadmium. 
best result being obtained by taking eight parts of| King’s Yellow may be formed by subliming together 
mercury bichloride to ten parts of the potassium | flowers of sulphur and arsenious acid, or by making a 
iodide. Although a color of great brilliancy, it cannot | solution of arsenious acid in water acidulated with hy- 
be recommended, as the mereury biniodide undergoes | drochloric acid, and passing a current of sulphureted 
transformation by heat, as already shown to you, and | hydrogen through the solution. The pewatene 
the color does not withstand the action of sulphureted | in both cases has the arsenic tersul phide for its base, but 
hydrogen gas. | the body prepared by sublimation generally contains 
Two other compounds furnish pigments of a rich| small quantities of free arsenious acid, King’s yellow 
color termed ‘“‘ purple red.” They are the chromates of | forms but a poor pigment, without much durability, 
mercury and silver, and are formed by the decomposi- | and when containing free arsenious acid is poisonous. 
tion of the nitrates of silver and mereury by potassium | Another yellow may be formed from arsenic by fusing 
bichromate. The cost of such pigments, however, and | together litharge (lead oxide) and arsenious acid, and is 
the fact that they gradually lose their brilliancy in| sold under the name of ‘mineral and arsenic yellow.” 
time, has prevented their extensive employment. The |'The fused mass must be thoroughly ground to secure 
silver chromate was at one time much used in miniature | perfect homogeneity of the pigment. 
painting. Cadmium Yellow.—Sulphide of cadmium at penagen in 
‘“Colcothar or English Rouge” is a residue of iron | amanner similar to that indicated for King’s yellow may 
peroxide produced in the manufacture of Nordhausen | I think be regarded as one of the most permanent of the 
sulphuric acid, and resulting from the decomposition | yellow pigments. It mixes well with other colors, and, as 
of the iron protosulphate therein employed. If re-| it is not easily decomposed, has no tendency to deterio- 
quired in a finer condition, it may be prepared either | rate lead pigments. 
by carefully heating pure anhydrous ferrous sulphate, It may be obtained in different shades, according to 
or by roasting precipitated ferric oxide. This pigment | the proportions in which the ingredients forming it are 
is not unfrequently adulterated with barium sulphate, | taken, this constituting a little difficulty in its prepara- 
which may be readily recognized by treating with) tion for the trade. You can readily judge of the ease 
hydrochiorie acid, which entirely dissolves the coleo-| with which it may be obtained, by my adding some 
| thar, leaving the sulphate unacted upon. sulphureted hydrogen to this large vessel of water, 
| Yellow Pigments.—Ochers.—These pigments consist | containing a little of a salt of cadmium, when a bril- 
essentially of clay, colored with different quantities of | liant yellow precipitate of cadmium sulphide is obtain- 
| ferric oxide, with more or less water attached to it.|ed. Thelast yellow pigment to which I would specially 
They comprehend also the colors ‘‘ raw” and ‘‘ burnt” | draw your attention is the one which is sold under the 
sienna and the pigments known under the names of | name “ Aureolin.” It isa somewhat complex compound 
‘* Antwerp” and * Venice” reds. The darker shades of | produced by the precipitation of a salt of the metal 
ocher are readily prepared by heating the bodies of a| cobalt with potassium nitrite, when the solution is 
lighter color, and contain lesser quantities of water in| strongly acid with acetic acid. In this flask I have 
their composition. I have here some yellow ocherin|such a solution of cobalt sulphate rendered acid with 
| this tube, and you perceive that at once, on the appli-| acetic acid; to this I now add excess of potassium ni- 
eation of heat, it becomes brownish red in color, losing | trite. At first no precipitate is seen ; but on standing, a 
water, which collects on the colder portions of the} brilliant yellow powder, consisting probably of the 
tubes. The ochers, as a class, are of no definite chemi-| double potassium and cobalt nitrite, begins to be form- 
eal composition, but they are extremely stable colors, | ed,this increasing on the mixture being allowed to stand. 
both under the action of air and noxious gases, and | This pigment, when prepared in a pure condition, is 
are well suited for out-door painting. strongly to be recommended, as it is entirely unacted 
Chromes.—Next to the ochers, the most. important | upon by gases containing sulphur, and, when in a pure 
group of yellow pigments are the chromes, which are | condition, withstands the action of weak alkalies. 
produced by the combination of chromium, in the con- Various other bodies yield us yellow pigments of 
dition of chromic acid, with the metals lead, zine,| greater or less brilliancy and durability, such as 
barium, strontium, orcaleium. They are divided into| Turner's yellow and the yellows sold under the names 
two large classes, namely, * yellow” and “orange” | of Cassel, Montpelier, and Verona yellows, which are 
chromes, and I must content myself with showing you | all oxychlorides of lead. They are not worthy of special 
generally how these different conditions are attained, | notice, and I will therefore content myself with merely 
without entering into the details of their special pre-| mentioning them. 
paration. The yellow chromes may be obtained by the; In my next lecture I propose to take up the considera- 
preparation of a salt of the metal from which the} tion of certain pigments yielding us green and blue 
chrome is required, with neutral potassium chromate, | colors. 
as you see on the table before you. Inthis jarI have| The following tables give some of the more common 
a solution of barium nitrate, which, on the addition of | pigments, arranged in groups according to their more 
a solution of potassium chromate, yields us a brilliant | or less poisonous properties : 
yellow precipitate of barium chromate. In the same First GROUP. 
way the lead chromate may be a oy and obtained PIGMENTS DANGEROUS TO HEALTH. 
jas a yellow powder of considerable brilliancy and ' : “ : 
density. The chrome which we have here produced is | Orpiment (arsenic sul- Naples yellow (lead anti- 
what is technically termed ‘‘lemon chrome,” but by phide). moniate), 
mixing this with some other white pigment a lighter | Realgar. Lead oxychloride. 
shade may bemade. This is generally done by mixing Mercury biniodide. Lead sulphate. 
with lead sulphate, and we must not in such a mixture | furbith mineral. Cobalt arseniate. 
regard the sulphate of lead added as placed there for | Lead arsenite. Verdigris (copper acetate). 
the purpose of adulteration, but only as a diluent to White lead. Scheele’s green (copper 
the chrome color. The chromates of barium, zine, | Massicot. . , arseniate). 
strontium, and calcium all possess shades comparable | Litharge. Prussian blue. 
with that of the lemon chrome. Minium. Prussian green. 
Orange Chromes.—These pigments consist of the SECOND GROUP. 
ae —_ enna ne ages 7 slight ey ~ PIGMENTS LESS DANGEROUS TO HEALTH. 
| the method of preparation, and are generally formec 4 i al 
| by boiling the ste chromate with caustic alkali, b —_ ~ eae, _ — t 
| which means the chromate associated with an addi- Tin sulphid as _—o e. ; 
| tional quantity of lead oxide is produced. The forma- ~edewre 5 ry veg poe tates gemene oy Ae 
ti gm ; i Mineral lake (tin chromate) Antimony oxychloride, 
| tion of a simple orange chrome can be easily shown to} (,,,, or at Cadmium sulphid 
|} you by boiling, as I now do, a little of the lemon P . ae = gms 7 Smalt ee sea 
chrome with caustic lime. You see that, as the tempera- TY m4 _~ i's bl Ultr mari 
ture rises, a darkening in color takes place, which may a ee 
| be increased at will by stil further heating. If we re- f THIRD GROUP. 
gard the neutral lead chromate as possessing the chemi- NON-POISONOUS PIGMENTS. 
}cal composition PbCrO,, the orange chrome formed | Carbonate of lime. Burnt umber. 
|from it would have the composition PbCrO,.PbO, | Barium sulphate. Raw sienna. 
‘and will evidently be produced by processes of | Yellow and red ocher. Burnt sienna. 
| oxidation. In fact, one of the methods adopted for its | Venetian red. Cologne or Cassel earth. 
| preparation, namely, that one in which it is formed hy | Mars red, Sepia. 
Ivory and lamp blacks. 
Indian ink. 








| adding the neutral chromate to ordinary niter in a -| Cochineal or carmine. 
hot crucible, depends on this property Manganese brown. 


The objection to the chromes as pigments depends | Vandyke brown. Coleothar, 
on the action of alkalies upon them, which, as we have} Raw umber. Indigo, 
seen, produce this darkening effect, and if in excess, Terre verte, 
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LECTURE Il. 


In my first lecture 1 considered certain pigments | 
yielding white, red, and yellow colors, describing to 


| shows the presence of arsenic. 


This precipitate may 
be confirmed for arsenic by treatment with ammonium 
carbonate in slight excess, when it should entirely dis- 
solve. When the green pigment has been spread on 


—ae 
large scale by roasting cobalt ore, which converts th 
larger portion of the metal into oxide, but stil] leaves 
a considerable quantity of arsenic and sulphur in th 

|ore. The residue,is then fused with potassium carbon. 


you shortly their methods of formation, and, in cer-| wall paper, a preferable method is, after cutting the ate and crushed quartz, which forms the double sili- 


tain of them, the means by which their ordinary im-| paper in small strips, to treat it with a little caustic | cate of cobalt and potassium, while the other 
In this, my second lec-| ammonia, when, should there be Scheele’s green in the! such as iron, coupe, and nickel, 


purities might be detected. 
ture, we will consider some instances taken from the | 
common green and blue pigments ; and it is my wish, 
in the case of some of these substances, to go a little | 
more fully into methods illustrating their examination | 
and analysis. | 

Green Pigments.—Chrome Greens.—As I was speak- 
ing in my last lecture of the yellow pigments derived 
from chromium, I will commence my lecture to-night 
with the green pigments which are also obtained from 
compounds of that metal. You will recollect that, in 
speaking of the yellow pigments containing chromium, 
I spoke of the chromium being in the acid condition, 
as chromic acid combined with other metals, such as 
lead, barium, zine, ete. The green pigments, however, 
derived from this metal, except in one or two cases, are 
all more or less oxides or hydrated oxides, which com- 
pounds yield us pigments varying very much in hue, 
according to the method adopted in procuring them. 
To show you how much the presence of water com- 
bined with these oxides, and the temperature at which 
the body is formed, may affeet the color, | will here 
precipitate a substance of this kind, aecording to the 
different conditions. For this purpose I use a salt of 
copper, which metal we shall find yields us various 
green colors through its compounds. Taking a solu- 
tion of copper sulphate, and dividing it into two por- 
tions, | boil one portion over the lamp, and while this 
is warming, | add to the cold portion a solution of 
caustic potash. You see at once a light blue precipi- 
tate is formed, which is apparently perfectly stable in 
its color. On filtering this body and drying, it is found 
on analysis to be a hydrated oxide of copper, represent- 
ed by the formula Cu(OH),. Now, taking the boiling 
solution of copper sulphate, and adding to that some 
warm potash solution, you see a totally different result, 
the precipitate in this case being of a dense brownish 
black color. At the temperature of boiling water, 100 
C., the water does not unite with the oxide, which is 
therefore precipitated as a black body of the composi- 
tion CuO, This simple instance will, I think, show 
you how easily the substances may take different col- 
ors in their preparation. 

The different greens which owe their color to the 
chromium oxides, either hydrated or otherwise, are 
generaily prepared by heating some volatile salt of 
chromium, by which process the chromium oxide re- 
mains behind ; or by decomposing other more import- 
ant salts with different reagents. Thus, by heating 
ammonium bichromate, the ammonia is driven off, and 
the chromium, absorbing oxygen from the air, becomes 
converted into the oxide. The same decomposition 
takes place when mercury chromate or bichromate is 
decomposed by heat, which is done by placing this 
chromate in a retort, and raising the temperature. 
The mercury distills over, and may be collected in suit 
able vessels, while the chromium oxide is left behind 
as a brilliant green of considerable depth of color. 
Bichromate of potassium may also be decomposed by 
hydrochloric acid in quantity just sufficient to combine 
with the potassium, when potassium chloride will be 
formed, and chromium oxide. Such a decomposition 
may also be carried out by adding sulphur to a boil 
ing strong solution of the bichromate just mentioned, 
when a hydrated oxide of chromium is precipitated ; 
this body must first be dried, and finally calcined at a 
moderate temperature. By fusing together the bichro- 
mate and sulphur, and, when cool, extracting with 
water the potassium sulphate formed in the reaction, 
the same green may be obtained. A fine apple-green 
color may be made, by treating the residue left in the 
retort after potassium bichromate has been treated 
with sulphuric acid with boiling caustic potash or 
soda, the chromium oxide being formed. Prepared in 
this way, the substance has a beautiful green color of 
considerable power. ‘ Veridian” is another green of 
great brilliancy and permanency, also formed from 
chromium oxide, this body being in the hydrated con- 
dition. To form this green, potassium bichromate is 
decomposed by ammonium sulphate, in the presence of 
just sufficient warm water to render the mixing of the 
bodies possible. The material, on cooling, is broken in 
pieces and heated, for a short time, to a temperature 
not exceeding 200° C., when the water and ammonia 
pass off, leaving the hydrated chromium oxide. This 
powder must be thoroughly washed with water to re- 
move potassium sulphate, but even with many wash- 
ings the pigment is found still to contain traces of that 
body. It may also be prepared by calcining potassium 
bichromate and boracic acid, subsequently lixiviating 
the broken mass to remove free boracic acid and potas- 
sium borate. This form of the pigment is known 
under the name “ Vert de Guignet.” 

The greens derived from chromium may be regarded 
as colors of great stability, as they do not decompose 
other colors, and are themselves unacted upon by sul- 
phureted hydrogen gas, light, or air. 

Scheele’s Green.—-This pigment I now bring before 
you as it has been employed in more common painting 
work, and being of an extremely poisonous character, I 
wish to show you how materials colored with this paint 
may be examined for the poison. This pigment, in a 
state of purity, is a neutral copper arsenite, but the 
substance employed in the arts generally contains con- 
siderable quantities of copper oxide. The color cannot 
be said to be thoroughly permanent, as it is altered by 
air, more especially in a moist atmosphere, and is en- 
tirely decomposed by the action of heat. This paint 
has been employed to a great extent in the coloring of 
inferior classes of wall paper, and when so employed 
has proved extremely deleterious to the health of per- 
sons inhabiting rooms so papered. The manner of 
examining this pigment for the arsenic may be carried 
out in the following ways. Should the pigment be 
obtained in the state of powder, it may be introduced 
into a retort such as you see arranged on the table, 
and treated with strong hydrochloric acid. The retort 
should be connected with a condenser and a quill 
receiver, the end of which dips ander a little water. 
On the application of heat, the volatile arsenic chloride 
distills over, and is condensed in the water in the 
receiver. More water is then added to the condensed 
liquid, and sulphureted hydrogen gas passed through 
it, when a precipitate of the yellow arsenic sulphide 


| of the tube. 


pigment, the paper will probably turn blue from the 
action of the ammonia on the copper. After leaving 
the ammonia to act for a short time, the liquid must 
be rendered slightly acid with hydrochloric acid, the 
shreds of paper filtered off, and the solution boiled 
with some slips of metallic copper. In the slightly acid 
solution a deposition of metallic arsenic takes place 
upon the copper, causing it to assume a steel gray 
color. The,slips of coated copper may now be re- 
moved from the solution, slightly rinsed with cold 
water, dried by gently pressing between blotting 
paper, and heated in a small glass tube closed at one 
end, when the arsenic becomes converted into arseni- 
ous acid, which condenses in small crystals on the sides 
For the direct examination of a pigment 
such as “ King’s yellow,” which is unacted upon by 
acids, the best plan is to fuse the substance with some 
reducing agent, such as sodium carbonate mixed with 
potassium cyanide or charcoal, in a small tube, when 
the arsenic is evolved, and condenses round the upper 
portion of the tube as a black{ring of metallic luster. 
Another pigment, namely, ‘‘ Schweinfurt green,” also 
contains arsenic, and may be regarded as an “ aceto- 
arsenite of copper,” being formed by the treatment of 
verdigris with acetic and arsenious acids. Both these 
pigments are highly dangerous to health, especially 
when they are employed in the coloring of internal 
walls, as in any cases, the paint having been put on 
with an insufficiency of size, small particles come off, 
and becoming mixed with the particles of dust, are 
breathed by those inhabiting the rooms. 

“ Verdigris” was originally used to a considerable 
extent as a green pigment, but it cannot be recom- 
mended, as it undergoes change both by moisture and 
sulphureted hydrogen. In certain cases also it has 
been found to undergo a darkening in color, probably 
under the action of reducing agents. It may be 
regarded as a ‘“‘sub-acetate of copper,” but varies to 
some extent in its composition among the different 
varieties that are made. Many other greens contain- 
ing copper exist, among which the most important are 
‘*Mountain green,” formed from native malachite or 
copper carbonate; ‘Bremen green,” or ‘‘ Mineral 
green,” which are hydrated oxides of copper; and 
‘Brunswick green,” which has for its basis copper 
oxychloride. Most of these pigments, if pure. are of 
good color and permanent, but, in the case of Bruns- 
wick green, it is to be found frequently formed from a 
mixture of Prussian blue, chromate of lead, and barium 
sulphate, which, reacting on one another, cause the 
original green to assume a brownish tint. 

An extremely beautiful and permanent green, which 
has received the name of ‘‘ Rinman’s green” or ‘* Co- 
balt green,” may be formed by calcining the precipi- 
tate produced by sodium carbonate in a mixture of co- 
balt and zine sulphates, and consists of a mixture of 
the oxides of these two metals. Some recommend that 
the cobalt and zine salts should be precipitated with 
potassium phosphate or arseniate, thus giving « richer 
color with more body. The arsenious acid in this case 
apparently undergoes volatilization, and is not retain- 
ed to any extent by the resulting pigment. Green pig- 
ments may also be obtained from the metals manga- 
nese, uranium, and titanium, but they are not of much 
importance. 

lue Pigments.—The blue pigments most commonly 
employed are derived chiefly from the compounds of 
iron and cobalt, with the exception of ultramarine, 
which contains silica and alumina in varying propor- 
tion, and one or two blues derived from copper com- 
pounds. 

Ultramarine.—lI bring this color first under your no- 
tice from the great beauty and purity of its color, and 
the perfect stability the pigment possesses when mixed 
with other paints, or in the presence of noxious gases. 
It consists of silica and alumina, accompanied with 
smaller quantities of soda and sulphuric acid. From 
the rarity of the mineral ‘lapis lazuli,” which furnish- 
es the natural ultramarine, this form of the pigment is 
very expensive, but the ‘artificial ultramarine ” is ma- 
nufactured in large quantities at a moderate cost, and 
is very good in color and stability. The artificial va- 
riety is prepared by fusing together white clay, dried 
sodium carbonate, sulphur, and charcoal, which yields 
a mass of so-called *‘ green ultramarine.” This, how- 
ever, on being washed, dried, and again roasted in thin 
layers with sulphur, gradually forms the blue variety. 
As already stated, the color may by regarded as a per- 
manent one, except when it comes in contact with 
acids, which exercise a bleaching action upon it. 
There are two forms of artificial ultramarine, one 
of which is termed *‘ Guimet’s,” and the other ‘‘Gahn’s.” 

This latter body is a compound of cobalt oxide and 
alumina, and does not seem to possess a definite che- 
mical composition. By varying the eee of 
cobalt, a more or less decided shade of blue may be pro- 
duced; but it seems essential that the metals iron or 
nickel should be absent from the pigment. It mixes 
well with other colors without producing any deteriora- 
tion, but is liable to appear of a purple shade when 
viewed by artificial light. 

Thenard’s Blue.—-This is another blue containing co- 
balt, and somewhat similar to the pigment de- 
scribed. It is formed by mixing the pink gelatinous 
precipitate, obtained by adding sodium phosphate toa 
cobalt salt, with alumina, and after drying, heating 
the mixture to redness in a crucible. Thenard’s blue, 
when carefully prepared, is reported as an extremely 
vermanent color, withstanding the action of heat, 
light, noxious gases, and even acids and alkalies. Under 
certain circumstances this color loses its pristine bril- 
liancy; but this may readily be restored to it by heat- 
ing the pigment with a small quantity of mercury 
oxide. The mercury volatilizes, and the oxygen, pass- 
ing to the pigment, revivifies it in a very decided man- 
ner, pointing to the fact that the brilliancy of the 
paint probably depends on the state of oxidation of 
cobalt in the mixture. 

Smait.—This color is well adapted for coarser kinds 
of work, but is not much used in the fine arts. It may 
be regarded as a double silicate of potash and cobalt, 
in fact, glass colored blue by cobalt, and then crushed 
to a fine powder. The pigment is prepared on the 


ec Metals, 
; combining with the 
arsenic and sulphur, form a slag at the bottom of the 
crucible. The blue glass is poured into water, so as to 
render it more friable by the sudden cooling. he jn. 
tensity of the color depends upon the quantity of the 
double silicate which the pigment contains, and the 
absence of iron in any quantity. It varies from a clear 
to a decided blue in shade. To be of good quality smalt 
should not be at all sandy in its nature, but should be 
in fine powder, holding together like flour; and when 
thrown into water, the deposit should exhibit the same 
tint all through. 

Celin or Cerulean Blue.—This pigment is probably 
a compound of cobalt and oxide of tin, this body being 
accompanied by a certain quantity of caleium sul- 
phate. It is a beautiful transparent blue, with a slight 
greenish tinge. 

Prussian Blue.—Under this title may be arranged 
‘all these blue pigments which are known under the 
names of Antwerp, Berlin, Paris, and Turnbull's blue, 
and which have been considered as different compounds 
of iron with cyanogen, but which may often possess an 
identical composition. In these colors we find the 
iron, which is combined with the cyanogen, in two con- 
ditions, one of which is termed the ferrous (Fe), the 
other the ferric (Fe’’) condition, and the color of the 
body produced varies according to whether the iron 
salts employed are in the one or other condition. The 
cyanogen compound which is generally taken to form 
these pigments is the potassium ferrocyanide, or yellow 
prussiate of potash ; and I will now show you the dif- 
ference in the body produced according to the iron 
salt employed. In these two jars I have solutions of 
ferric chloride and ferrous sulphate; now I add to both 
of them a solution of potassium ferrocyanide, when 
you see a deep blue precipitate formed in the jar con- 
taining the ferric salt, but in the jar contain- 
ing the ferrous salt a very much lighter body is 
obtained ; the first of these bodies prepared in the 

yroper manner constitutes the true ‘ Prussian blue.” 

Vhen a solution of ferric sulphate is added to potas- 
sium ferrocyanide, a variety is obtained which is so- 
luble in water, and which is employed to a great extent 
by calico printers under the name “soluble Prussian 
blue.” This variety contains potassium as well as the 
iron and cyanogen, and may be represented by the 
chemical formula (K.2FesFey:). When, however, po- 
tassium ferrocyanide is added to ferric sulphate, the 
precipitate formed is insoluble in water, and may be 
represented by the formula (Fe,F cys). 

Prussian blue may also be prepared from the green 
vitriol or ferrous sulphate, but in this case the sub- 
stance formed must be exposed for a considerable time 
to the air, as the precipitate at first obtained is nearly 
white in color, having a different composition (K.Fe, 

Fey); this body, however, on exposure, becomes con- 
verted into the true Prussian blue by oxidation. I can 
easily show you the formation of this white variety, 
and its subsequent change into the blue, by shaking 
‘some iron filings with a solution of sulphurous acid, 
and filtering this into a solution of weak potassium 
| ferrocyanide, when you perceive a dense white preci- 
pitate is at once formed. On pouring this, as I now 
do, on to a corse you perceive that immediately it 
| changes to a light blue, finally becoming much deeper 
in color round the edge of the mass, where the action 
| of the air is more acute. 

| The blue pigments derived from these sources are 
moderately permanent, except in the presence of alka- 
lies, which rapidly decompose them with the forma- 
tion of ferric oxide. This decomposition may be seer 
when I treat this Prussian blue, which I Saas here 
suspended in water, with some warm caustic potash, 
the alkali rapidly decomposing the blue, and changing 
it into a brown powder. The formation of these dif- 
ferent substances may be seen in the diagram on the 
wall, where the first equation represents the formation 
of the variety insoluble in water; the second and third 
the formation of the white variety from green vitriol, 

| with its subsequent changej into the insoluble blue 

| pigment; and the fourth the formation of “soluble 

-russian blue.” 


# 2 Fe, ‘480) s bt 8 K, Fey 


Insoluble Prussian Blue. 


6 K, SO, + 





Fe, Fey; 
White variety. 


II. K, Fey + Fe SO, = K, SO, + Kz Fe'Fey. 
White variety. 


III. 6K, Fe Fey) + O; = 8K, Fey + 
Insoluble 
Prussian blue. 
ee, 
Fe. Os+ Fe, Feys 


+ Fe (SO,) 3=3K,S8S0 + 
Soluble Prussian blue. 


Ka Fe. Fey, 


Little care is taken in the purification of the yellow 
orussiate of potash for the preparation of the common 
»lue pigment, but it must undergo recrystallization for 
the preparation of the pure variety of blue which 1s 

sold under the name of *‘ Antwerp blue.” 

| Mountain blue is a basic copper carbonate, some 
| what resembling the green carbonate in its constitution. 
| It is very difficult to obtain the substance in a state of 
| purity, and many experiments have been made to ob- 
| tain, artificially, a pigment which will possess a color 
| resembling the natural body. The best results in this 
direction are ——, those of Pelletier, but the arti- 
| ficial variety, however well prepared, does not possess 
the permanency which belongs to the natural variety 
used by the older painters, and still to be seen in 4 
brilliant condition in some of their fresco paintings. 

The qualities to be sought for in all pigments, 

whether taken from a natural source or artificially pr& 
pared, may briefly stated as follows: 

| The substance should have great richness in the 8p 
cial tint required, and as great durability as possible. 


IV. 2K Fey 
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— wy TIT a oe ‘ie _ 
It should cover the surface to which it is applied with TABLE III. 
and for this purpose it must possess the property nh bbe 
sing thoroughly with the, vehicle in which it is|P1GMENTS LITTLE LIABLE TO CHANGE UNDER THE 

of m INFLUENCE OF SULPHURETED HYDROGEN, AIR, OR 


nded. It is essential that the pigment should be | . 
insol ble in water, and should dry properly when MOISTURE. 
A m 7 4 
read on the canvas. Finally, care must be taken White... ...Zine white. 


in the selection of the different colors to see that no 
substances are employed which will produce decom- 
ition with other pigments. This can only be at- 
tained by the colorist paying attention to the nature 
of the ingredients, with due regard to their chemical Red 
constitution. The latter precaution has become all the 
more necessary from the introduction in later years of 
artificially prepared pigments, which, although _pre- 
senting greater variety of tints, have not that stability 
which characterized the more simple natural bodies 
employed by the older painters, and which has per- 
mitted such pigments to withstand the action of ex- 
terior agents for so long a time. Much depends also 
on the nature and purity of the vehicles with which 
the pigments are spread, and the varnishes which are 
used for the subsequent preservation of the pictures. I 
should have liked, had time permitted, to have taken 
into consideration some of the more important chemi- 
cal points with regard to the nature of such vehicles, ‘ 
and their probable action on different pigments, but | Blue ...... Ultramarine. 
find it impossible in the space at my disposal to carry Smalt. 
out this wish. Thenard’s blue. 


Constant white. 
Barium tungstate. 
Tin white. 


. Vermilion. 
Red ocher. 
Indian red. 
Madder lakes. 


Yellow ocher. 
Barium chromate. 
Zine chromate. 
Aureolin. 
Platinum yellow. 
Raw sienna. 


Yellow .... 


Green......Chrome greens. 


Cobalt greens. 





TABLE I. 


SOME OF THE MORE COMMON PIGMENTS, WITH THE CHEMICAL SUBSTANCES FROM WHICH THEY ARE 
DERIVED. 


White. 
Peemits WIGS... .cccscciccs vecceees I id ca cnn det oleae ee eae [PbCOs;.Pb(OH).s]. 
ee Se eee Kb SOD dambakicnineks a6 peaceeend Znu0. 
BE WEDS « <cinaenccdeeders sn -wanions Basic nitrate of bismuth . | Bi(NOs)s. 2Bi(OH)s}. 

SE DD sg anE Ret atnvhsederens ...-Bismuth oxychloride.... .. .... .» »-|2Bi(Cls. BisOs). H,0}. 

errs ( Bardens aulpante... 2.22.00. ceccesese BaSO,. 
Constant White. .........ce ees eooees ( Barium tungstate .. .......-......005 BaWO,. 
Rs <ccckstcanees 90400 6eheenhe Wl ME, Ceecdbessesccnccoseayes SnOz. 

Yellow. 

DR eee eerrres. Meer tee 
Cena YOUNIS 0.65 ec cecccccccccsess Cadmium sulphide. .-. ............. . .Cd8. 
ee a eee ee Platino chloride of potassium.......... (PtCl,.2KCl). 
TUNEES YONOW, 000 n sec csccccccseces lr, e : Hh. yp 
Sietah WHIM. ..s. 00000005 o«seces ¢ Lead oxychloride... .........+++...5+. (PbCl,.7PbO). 
SE SOE cos cacdsntvossat¥ee Basie mercury sulphate............... (HgSO,.2Hg0). 
eee PELE Te BN III «6 v'n--60 bn 6a theese ce isd -PbCrOQ,. 
NY -60555,06060066renatsssenee EE TE Tete ZnCrO,. 

Sinen veliow § Barium chromate.... ....... wr Pers BaCrQ,. 
_etitamecensianaiaa tata tad seiciaah i (Strontium chromate........  .-......- SrCrO,. 
ES PORN « < ckesceccsces -cassuesete Oxides of lead and antimony.......... PbO+Sb.0,. 
i CU pass 6.4608 conetesscareees Ferric hydrate and clay............... [(2Fe.Os.38H.O).+Clay]. 
SED GUE énees vcs nnensespeepageens Beh Es ov0ds-0-cbsecckbecndokes Sns&». 
Red. 
Red lead......... ee eee heen, EL EO OOP ERT TT Te [3(PbO). PbO,]. 
ks 6050 sdencenessagsoeen cocce MOROUEIC ORIDIIES 606.000. 00600 ...- Hgs. 
. . ere sons senkene oak Basie mereury chromate .............. (HgCro,. Hg). 
DE wcttetcescskesesncisewal rere rr gl. 
ER 30 -aSeanies i so kheeepeknniee Terre -AsSs. 
oo: prh Sapa eeey ent eenae rere ; SI einias doy chcewbiuceckenees Fe.Os. 
Green. 
Chrome green....... rh ere a .5 tak crkcadcnnnne eit’ CrQs. 
Cobalt or Rinman’s green.... ... .... Oxides of cobalt and zine... .......... (CoO+Zn0O). 
Mountain green.... .......... soos. -Gieom malaebite...........cccecvsses ...[(CuCOs.Cu(OH)s]. 
Scheele’s IG i < svicnes ctvrddesbavoet Copper arsenite....... ss wets eoubaee CuHAs0Os. 
NG on ddan 6avennnhsss0ksebaeue Basic copper acetate . ..........e.0.. Cu(C.H;0.)2.Cu0.6H.O]. 
Emerald green........... Sinko Se Acetate and arsenite of copper. ....... Cu(C2H3Q02)2.CuHAsOs]. 
Eg aci dieknnecevicnese naseyense Clay colored with iron and manganese. 
Blue. 

7 eon { Silicate of aluminum, and sodium ) y : r 
NN, 5 ccadunscee nnginesincs -) with sodium sulphide.............. t NasAl.SisO,NaSe. 
I oo onc wean wci'vis dial IIE, cinaé vcnade’ sauiiavint [2(CuCos).Cu(OH).]. 
— Nienaeeanea a a Cobalt and potassium silicate.......... CoK,SiO,. 

Antw See ove >, . . I) y) 

insoluble > OS aia Ferric ferrocyanide................... Fe.Feys. 

Soluble Prussian blue ............-. .Potassio ferric ferrocyanide........ ..-KaFe.Feys. 

Indigo b Oe ces FOS Se 6066086 6044 0060066066 OK 06 § 00-0+:5o69SS406080 600466 O48 900000000088 2(¢ \sHsNsQO.). 
Brown. 

Manganese brown.............. Saseaes Manganese dioxide........ .. .......- Mn0;. 
Ee ee: Rr rae ' 
ree ) Clays colored with oxides of iron and 
EN RR { manganese. 

Orange. 
Pe GUNN coos. cadcnscsccdesawas Basie lead chromate................ ...PbCrO,PbO. 
Black. 

I ia oan ax ares kn 0c ae Plumbago or graphite............... la 

NE NN  ciwecaenitnneaal ee, \ Carbon-+ash. 
Sere ern on: Soot from resins or tar.............. 

Diamond ER TOR Sh ey. Impure lamp black.... .......... a 
Saar Charcoal from cork...........+....5. | Artificial varieties of charcoal | 
ES ERT ERP E RS Charred bones........ + sesesssenes { with greater or less impurities. 
Blue black { Charcoal from vine twigs ........... | 

nee See ee { Cocoa nut and peach stones......... J 


TABLE II. 
PIGMENTS LIABLE TO CHANGE UNDER THE INFLU- 
ENCE OF SULPHURETED HYDROGEN, AIR, AND 
MOISTURE. 


Brown.....Vandyke browns, 
Raw umber. 
Burnt umber. 
Manganese brown. 
Sepia. 

chews Ivory black. 
Lamp black. 
Indian ink. 
Graphite. 


White .. ..Cremnitz white. - 
Flake white. Black 
Pearl white. 

Yellow ... Turbith mineral. 
Chrome yellow. = . ‘1 
Mineral yellow. Orange. . —“— + vermilion. 
Naples yellow. urnt sienna, 


..Red lead, TABLE IV. | 

= 

i —, ‘ PIGMENTS LIABLE TO DETERIORATION WHEN IN CON: | 
ine scarlet. TACT WITH WHITE LEAD. 


Green... a ey ‘ellow .... Yellow orpiment. 
: eele’s green. King’s yellow. 
merald green. Indian yellow. 





Bs. 0: 


Mountain green. Gamboge. 
Blue ...... Prussian blue. Bediicscs .. Iodine searlet. 

Antwerp blue. Cochineal. 
Orange.... Orange chrome. Carmine, 








Orange. ...Golden antimony sulphide. 
Orange orpiment. 


Green. .....Sap green. 
TABLE V. 


PIGMENTS WHICH ARE LITTLE AFFECTED BY HEAT, 
AND MAY BE EMPLOYED WHEN THE MATERIAL 
HAS TO STAND THE FIRE. 


White......Tin white, 
Barium white. 
Zine white. 


Red........ Red ocher. 
Venetian red. 
. Indian red. 


Yellow ....Naples yellow. 


Antimony yellow. 


Green......Chrome greens. 
Cobalt green. 

Blue....... Smalt and royal blue. 
Ultramarine. 

Orange. ...Burnt sienna. 


Burnt ocher. 


Brown ....Buarnt umber. 
Manganese brown. 
Black ... .Graphite. 


Mineral black. 








NOTE ON THE PROPERTIES OF COCA AND 
COCAINE. 


By M. Bienon, Professor of Medicine and Chemistry 
in the Lima School of Medicine and Pharmacy. 


THE following notes have been communicated to Les 
Nouveaux Remedes as the conclusions arrived at by the 
author, who states that he has for a considerable time 
studied the properties of cocain Peru. The experience 
of M. Bignon is notin accord, upon certain points, with 
generally received ideas, but for the same reason his 
conclusions possess interest, and the moreso as they are 
attributed to investigations made upon fresh coca and 
in the country where it is grown. M. Bignon says: 

(1.) In fresh coca leaves, or in recently dried leaves 
that have not undergone any fermentation, there exists 
only one inodorous crystallizable alkaloid, cocaine. 

(2.) Coca leaves, exhausted completely of their 
natural alkaloid (cocaine), and submitted to the action 
of alkalies at a temperature of 100° C., yield upon dis- 
tillation a new volatile base, having a very strong odor, 
hygrine. 

(3.) Hydrochloric acid, even dilute, acts slowly upon 
cocaine, decomposing it partially. Solutions also that 


| are not absolutely neutral undergo a commencement of 


decomposition; they become odorous, yield a difficult 
crystallization, and leave a sirupy mother-liquor. 

(4.) There are few alkaloids so sensitive as cocaine to 
»hysical and chemical action. This ought always to 
9e borne in mind in all manipulations to which it is 
submitted. 

(5.) Coca leaves dried in damp weather, or pressed 
into sacks before being completely dried, undergo a 
fermentation that destroys the cocaine. The destruc- 
tion goes on gradually until the complete disappear- 
ance of the alkaloid. 

(6.) The fresir leaves, or leaves freshly dried in the 
open air in fine weather, with frequent turning and 
sheltered from moisture and dew, yield easily eight 
grammes per kilogramme, and the finer sorts can give 
ten grammes and upward in exceptional cases and on 
the spot where they are grown. 

(7.) The anesthetic properties of the alkaloid are at- 
tenuated in the salts. The best therapeutic results are 
always those that are obtained with the pure alkaloid. 

(8.) Contrary to generally accepted opinions, I be- 
lieve that the irritation produced by the alkaloid is due 
to the cocaine and not to hygrine. It appears to me 
more reasonable to admit that a rather energetic base 
like cocaine should irritate, than to suppose that. this 
irritation should be due to one or two thousandths of 
hygrine, which would be the maximum quantity con- 
tained in pure cocaine. 

(9.) I believe, also, that the dilatation of the pupil is 
a property inherent in cocaine, and attenuated in its 
salts. 

(10.) I believe that solutions which do not produce 
this dilatation have undergone a commencement of de- 
composition, and contain a derivative body, unfortu- 
nately easily produced, which is very soluble in water, 
and uncrystallizable; as to the composition of this body, 
I confess 1 am ignorant, although it seems to resemble 
a glucoside. 

(11.) A Peruvian Indian chews about three hundred 
to five hundred grammes of coca in a week, the coca 
containing five to six grammes of cocaine per kilo- 
gramme. He therefore absorbs two to three grammes of 
cocaine per week, the daily dose being thirty to forty 
centigrammes. Taking into account the tolerance ac- 
= through a habit taken up in early childhood, a 
dose of ten centigrammes per day should be considered 
a good average for internal administration. It follows, 
therefore, that doses of cocaine such as are frequently 
indicated, which do not exceed one or two centi- 
grammes, must be considered asillusory. The action of 
cocaine upon the mucous membrane of the stomach is 
far from being perfectly known. 

(12.) Coca contains the cocaine in the state of an inert 
salt, which is without special therapeutic properties. 
The employment of coca by the Indians, which has 
served as a guide for conclusions as to its tonic, 
stimulant, and nutritive properties, has been badly ob- 
served, and the deductions that have been drawn are 
fallacious, as I shall try to demonstrate. The Indian 
never chews coca alone; he mixes it with lime and ash, 
that is tosay, with strong bases that isolate the cocaine. 
It is in this the anesthetic properties and the numbing 
effect upon,the mucous membrane of the stomach that 
he seeks are found. None of the special properties at- 
tributed to the leaves really exist; the ieaves are 
neither nutritive nor tonic, and they possess no other 
properties than those attributed generally to aromatic 
resinous plants. 

(13.) For general external use (burns, catheterism), 
and even for eye maladies, cocainated vaseline seems to 
me preferable. For internal use and sprays I would 
cneey five per cent. jaleoholic solutions of the alka- 
oid. 
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THE DESTROYERS OF PILES. 


THE foundations of dock walls or of storehouses in 
such as nud or sand and mud, beneath which there is 
compact earth or rock. 
have recourse to piles as a bed for the foundation. 
this effect the piles are driven down as far as to the 
rock. They are generally of fir or beech, and support 
a double floor of fir, upon which rests the masonry. 

When the engineer has completed his work, he can 
generally consider it as thenceforth safe against aecci- 
dent. This, however, is not always the case, for some 
times formidable enemies begin a destructive attack 
upon the woodwork almost as soon as it is finished. 














Fias. 1 AND 2.—LIMNORIA TEREBRANS. 
These enemies, which are infinitely small, are so much 
the more dangerous in that they are for this reason the 
more difficult to detect. They are the teredo (7eredo 
navalis) and the limnoria (Limnoria terebrans). 

The former of these is an adversary to be dreaded. 
It introduces itself into the wood at its birth, and bores 
a hole therein; then, once lodged, it continues to en- 
large its dwelling, and makes a cone-shaped cavity 
having at its apex the aperture through which the en- 
trance was effected. It often happens that a piece of 
wood which externally shows no trace of attack is in- 
ternally honeycombed. 

The teredo attacks both fixed and floating bodies; 
but, in order to live and thrive, it must have clear and 
aerated water. Mud preserves wood against its in- 
cursions. 

The teredo has one enemy which wages deadly war 
against it, and that is the Lycorés fucata, a sort of an- 
nelid that dwells in mud. When this animal is found 
in the vicinity of piles, the latter are generally free from 
the teredo. 

A more redoubtable destroyer of wood is the limno- 
ria, Which is proof against mud. Mr. Clavenad, an 
engineer who had to wage war against this parasite 
at the time of restoring the provision building at Cher 
bourg, a few years ago, has devoted a memoir to this 

















Fre. 3.—MODE OF ATTACKING WOOD. 


subject, from which we glean the following parti- 
culars. 

The Limnoria terebrans (Figs. 1 and 2) is a small 
crustacean three or four millimeters in length. Its head 
is provided with two denticulate lobes, two antenne, 
and two articulated appendages that allow it to sus- 
pene itself from the wood. The body terminates in a 


1orny tail By means of two swimming appendages, 


which it moves with a quick vibratory motion, it gets | 


about from place to place very rapidly. Owing to two 
little steering appendages with which it is provided, it 
performs its evolutions very dexterously. 

The only possible way of stopping its destructive 


work is to creosote the piles, to inject them with corro- | 


lappears to be the only one that defies the attacks of|so well as Bremontier’s. He sowed on the 
The limnoria accomplishes its work as | the sand, seeds of the common broom, mixed 
It attacks the wood especially during the | of Pinus pinaster, or cluster pine (var. maritima), ong 
eee are usually established upon yielding soil,| warm months of the year, the season of its reproduc-|of the few pines that thrive in sandy soil. He , 
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the animal. 
follows : 


tion, and penetrates it in order to form a nest. In ex- 


|It begins work by penetrating between two of the 
annual rings of growth, where the wood is soft, and 
leaves here and there pillars that serve to connect these 
rings and prevent the cells from crumbling in. This 
operation is accompanied with a very perceptible and 
characteristic noise. 

| At the moment of reproduction, the conduit thus 
formed widened. and becomes a sort of cavern con- 
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t—FOUNDATION PILES AT CHERBOURG 
DESTROYED BY THE LIMNORIA. 


| Fre 


taining the young brood. The growth of the young 
soon renders their quarters too narrow, so they emi- 
grate and excavate secondary conduits, such as 
shown in Fig. 3. If, in their excavating, they come to 
a spot that is already oceupied, no fight takes place 
for its possession, but the invaders simply extend their 
gallery to the succeeding layer of wood, and so on. 
While the young are thus carrying destruction toward 
the axis of the pile, the first layers attacked become 
rottén and are washed out by the water. The wood 
thus fissured layer by layer keeps diminishing in 
thickness, and finally breaks into pieces (Fig. 4).—Le 
Genie Civil. 
| 





FIXING THE BLOWING SANDS 
LANDES OF GASCONY. 


ON THE 


WHEN we think of the aspect of the Landes of the 
south of France, our mind sways between two images, 
one the aspect of the Landes a hundred years ago, 
when they were a mere barren waste of shifting sand, 
that was daily invading the cultivated land in the in- 
terior, and the other their present wooded appear- 
ance. 

It was M. Bremontier, an able officer of the French 
Administration of Forests, who, in 1789, devised the 
means by which these barren, shifting sands have been 
fixed and converted into their present form of profit- 
able forest. Their previous condition, as described by 





him, and quoted by Loudon, consisted of drifting sands, | 


which covered three hundred square miles. The sur- 
face of this immense tract was like a sea, which, when 


agitated to fury by a tempest, had been suddenly | 


fixed and changed to sand. It offered nothing to the 
eye but a monotonous repetition of white wavy moun- 


tains, perfectly destitute of vegetation; a multitude of | 


round tops, some of them scooped out so as to resemble 
craters or semicircular mounds. In 
storms of wind the surface of these downs was entirely 
changed, what were hills of sand often becoming val- 
leys, and the contrary. 
the sand was carried up into the interior of the coun- 
try, covering cultivated fields, villages, and even entire 
forests. 
sand sweeping along the surface and thus raising it, or 
falling from the air in a shower of particles, so fine as 
to be scarcely perceptible) that nothing was destroyed. 


The sand gradually rose among the crops, as if they | 


were inundated with water, and the herbage and tops 
of the trees appeared quite green and healthy, even to 
the moment of their being overwhelmed with the sand, 
which was so very fine as to resemble that often used 
for hour-glasses. Madame Michelet, in her work, ‘* Na- 
ture: or, the Poetry of the Earth and Sea” incidentally 
shows that its character, in this respect, remains un- 
changed. She says: *‘ The sun was already high in the 
j}heavens. Feeling somewhat fatigued, I flung myself 
| back upon a sand-hill; nor could there be a softer bed. 
The sand was so tine, so mobile, that though the wind 
| was light, it fell about me likean impalpable dust. But 
leovered. This set me dreaming. Wherefore, oh charm- 
| ing nature, dost thou wish to bury me? I feel myself 
already oppressed with the weight of this sifted sand, 
which thou throwest at me playfully; yet, at the same 
| time, it seems as if it would reawaken me 
whether it comes from the warm sea, still impregnated 
| with marine odors, or whether it descends from the 


| dune, all balmy with the pollen of flowers.” And she 


|thus graphically describes the Landes from another | 


|}point of view: ‘“‘The moving rampart of sand, forty 
leagues in length, notwithstanding its mobility, seems 
inexorable. Not the smallest harbor exists. The great 
waves coming from America beat against the outline 
of the desolate shores. If they accumulate sand and 
| debris, they do not mould them in opposition to, or in 
accordance with, the dunes, like the ocean and the Gi- 
ronde. The rivers which flow from the interior have 
gradually been constrained to yield to the dikes thrown 
across their channels. They flow parallel to the sea, in 
a southerly direction, so as to pour into it obliquely 
| their dwindling waters.” This is the scene as one sees 
it now. The river is fenced from the sea by a long bank 
of sand, now bearing the trees planted by Bremontier. 


times of violent | 
It was on these occasions that | 


This used to take place so gradually (by the} 


soon my dress was full of it, and even my hand was | 


to life, | 


= 
surface 
with those 


| menced on the side next the sea, or on that from whieh 


at right angles to the wind. The first strip wag pro- 
tected by a line of hurdles; it, in its turn, pro 

the second, the second the third, and so on, until the 
whole breadth of the downs in the locality with whieh 
he was dealing was covered with plantation. His sue. 
cess was complete—the barren waste of sand is now 
clothed with the fragrant pine. Charming open sandy 
spots invite the traveler to pause and take shelter 
from the rays of the hot sun under the thick foliage of 
its giant boughs. A flora of its own has supplanted 
the previous lifeless desolation—a flora meager, but ex. 
quisite and rich in pungent and rich in pungent and 
venetrating perfumes; vervain, mint, bindweed, may 
jolaine, and broom are scattered around. A fay 
too, has followed in its train; crowds of insects that 
rey upon the pine have swarmed after it, and their 
1um adds to the rural charm of the scene. Everythi 
breathes of solitude and repose; nature herself seems 
asleep, but not dead. Before Bremontier, on such q 
day and such an hour, she might, indeed, have seemed 
dead; but now life is all around; man himself breakg 
the charm of apparent lethargy; the sound of the 
woodman’s ax breaks upon the silence; the blue vapor 
| of the chareoal-burner’s heap ascends into the sky, and 
assails the nostrils. Thanks to Bremontier, man hag 
found here, too, something for his hand to do; women 
and children have followed in his train, and the blow- 
ing, shifting, restless sands now yield subsistence to 
an industrious though scanty population.—M, in 
Woods and Forests. 
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